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SUBJECT INDEX 


Alurainium Oxide for Quantitative 
Chromatographic Analysis 
(van Os), 350. 

Amellin, Ineffective in Diabetes 
(Whittaker), 118. 

Amethocaine Hydrochloride 
Severe Toxic Effects when 
used for Bronchoscopy 
(Jackson), 560. 

Amidone (Methadon), Clinical 
Evaluation of (Trioxil), 118. 

Amidone and other compounds. 
Microscopical Identification of 
(Schuldiner), 488. 

Amidone, Pethidine and Morphine : 
Analgesic Effects in Human 
Subjects (Christensen and 
Gross), 52. 

Amidone, Pharmacology of the 
Optical Isomers (Thorp), 632. 

/so-Amidone, a New Analgesic 
Drug Analogous to (Ofner, 
Thorp and Walton), 842. 

Amino-acids, Ninhydrin Reagent 
jn Determination of, by Paper 
Chromatography (Landua and 
Awapara), 725. 

p-Aminobenzoic Acid and its 
Sodium Salt (Kern, Antoshkiw 
and Maiese), 548. 

Aminobenzoic Acids, Production 
of, by Sulphonamide-resistant 
Bacteria (Lemburg, Callaghan, 
Tandy and Goldsworthy), 550. 

Amino-Compounds, as Impurities 
in Pharmaceutical Chemicals, 
Determination of. Part II 
(Ballard), 224. 

jS-Aminoethyl Heterocyclic Nitro- 
gen Compounds, Histamine 
Activity of (Lee and Jones), 
629. 

2-Amino-3-hydroxybenzoic Acid, 
Synthesis of (Nye and 
Mitchell), 549. 

3 - Amino - 4 - hydroxyphenylarsonic 
Acid, in Acetarsol, Determina- 
tion of (Ballard), 224. 

(r-AcalaasaUcylic Acid, Pare !!d, /n 
vitro Tuberculostatic Behaviour 
of, and of Related Compounds 
(Drain, Goodacre and 
Seymour), 784. 

p-Aminosalicylic Acid, Part IV, 
Attempts to Induce Resistance 
in Strains of M. tuberculosis 
(Goodacre and Seymour), 788. 


p-Aminosalicylic Acid in Blood and 
Cerebrospinal Fluid, Determi- 
nation of (Klyne and New- 
house), 184. 

p-Aminosalicylic Acid in Blood and 
Urine, Estimation of (Dicken- 
son and Kelly), 554. 

p-Aminosalicylic Acid, in Body 
Fluids, Determination of 
(Newhouse and Klyne), 839. 

p-Aminosalicylic Acid in Experi- 
mental Tuberculosis 
(McClosky, Smith and Frias), 
53. 

p-Aminosalicylic Acid, Pharma- 
cology of (Bavin), 790. 

p-Aminosalicylic Acid, Sodium p- 
aminosalicylate and m-Amino- 
phenol, Bromination of (Sim- 
monite), 526. 

Ammi Visnaga Linn., The Coronary 
Vasodilator Action of the 
Crystalline Principles of 
(Bagouri), 177. 

Ammi Visnaga Linn., The Pharma- 
cological Actions of the Crys- 
talline Principles of (Anrep, 
Barsoum and Kenawy), 164. 

Anaesthetics, Local, Comparison 
of (Hamilton, Westfall and 
Ferguson), 563. 

Anaesthetics, Local, Identification 
of (Hucknall and Turfitt), 462. 

Analgesic Compounds, Potential, 
Preparation of (Brown, Cook 
and Heilbron), 989. 

Analgesics, Some Developments 
(MacDonald), 569. 

Analgesics, A Method of Testing 
in Man (Hewer and Keele), 258. 

Anaxeryl, 133. 

Androgens,^ Separation from 
CEstrog’ens of (Friedgood, 
Garst and Haagen-Smit), 840. 

Aneurine, Colorimetric Determina- 
tion of. by Auerbach’s Method 
(Ballard and Ballard), 330. 

Aneurine, Microbiological Assay 
of (Bacharach and Cuthbert- 


son), 113. . r j 

Aa(a6ase, ia AIcaiMpsar (Haid asd 

. Jacobsen), 258. 

Antabuse, Preliminary Report on 
Clinical Trials (Bell and Smith), 


Antabuse and Alcohol, Effect of 
on Respiration and Circulation 
(Asmussen, Hald, Jacobsen 
and Jorgenson), 990. 
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SUBJECT INDEX 


Antabuse and Alcohol, Formation t 
of Acetaldehyde after Ingestion 1 
of (Hald and Jacobsen), 990. 

Antabuse, see also Tetraethyl- 
thiuram-disulphide. 

Antacid Buffers, A Study of 
(Holbert, Noble and Grote), 
495. 

Anthelmintic Potency in Relation 
to Chemical Constitution 
(Baldwin), 254, 

Anthraquinones, Chromatographic 
Isolation of (Gibson and 
Schwarting), 249. 

Anti-Pemicious Anremia Factors, 
The Chemistry of. Part I. 
The Liberation of Phosphorus 
as Phosphate from Vitamin i 
Bi; by Acid Hydrolysis (Ellis, ! 
Petrow and Snook), 287. 

Anti-Pemicious Antemia Factors, 
Chemistry of. Part II. The 
Ninhydrin-Reacting Hydrolytic 
Fragment of Vitamin Bu. 
(Ellis, Petrow and Snook), 
950. 

Anti-Pemicious Anteraia Factors, 
Chemisto' of. Part HI. 5 ; 6- 
Disubstituted Benziminazoles 
as Products of Acid Hydrolysis 
of Vitamin Bi- (Beaven, Holi- 
day, Johnson, Ellis, Mamalis, 
Petrow and Sturgeon), 957. 
Anti-Permicious Anaemia Factor, 
Estimation of (Cuthbertson), 
555. 

Anti-Pemicious Anaemia Factor, 
Isolation from Liver (Ellis, 
Petrow and Snook), 60. 
Anti-Pemicious Anaemia Factors 
from Liver, Purification of 
(Lester Smith), 111. 
Anti-Pemicious Ansmia Factor, 
Presence of Cobalt in (Lester 
Smith), 406. 

Anti-Thyroid Compounds, Recent 
Developments in the Pharma- 
cology of (Trotter), 65. 
Antibiotic Activity, in a Highly 
Amylolytic Strain of Bacillus 
subtilis (Lulla), 550. 
Antibiotics, Induced Resistance of 
Staph, aiircus to (Klimek, 
Cavallito and Bailey), 264. 
Anticoagulants (Macintosh), 353. 
Antihistamine Drugs (Dunlop), 1, 
Antihistamine Drugs, Pharma- 
cology of (Lan^, Hoppe, 
Siegmund and Luduena), 632. 


Antihistamines (Thenyl Series), Iden- 
tification of (Haley and 
Keenan), 545. 

Antimalarial Agents and their 
Action on the Glucose Meta- 
bolism of Plasmodia (Mar-' 
shall), 46. 

Antimalarial Compounds, Studies 
in the Chemotherapy of Tuber- 
culosis (Hoggarth and Martin), 
254. 

Antimalarial “ Plants, Chinese 
(Yang), 414. 

Antimony! 2-Aminothiazole Tar- 
trate, Preparation and Toxicity 
of (Meyers and Jones), 633, 

Antipyretic Action and Catalase 
Activity (Williamson and 
Rudge), 250. 

Antiseptics, Diffusion from Oint- 
ment Bases, Measurement of 
(Clark and Davies), 521. 

Apomorphine and Morphine, 
Determination of, by a Volu- 
metric - Colorimetric Method 
(lonescu-Matiu, Popa and ' 
Monciu), 109. 

Arsenic, Determination of Small 
Quantities of (Paulssen), 621. 

Arsenic and Iron, Volumetric 
Microdetermination of (Smith 
and Fritz), 239. 

Arsenicals, An Improved Method 
for Akssay of "foxicity (Perry), 
119. 

Ascaridol, Assay of ; lodination of 
Terpenes (Halpem), 548. 
Ascaridol, in Oil of Chenopodium 
(Halpem), 722. 

Ascorbic Acid in Food Prepara- 
tions, Estimation of (Goldblith 
and Harris), 252. 

Ascorbic Acid, Pure, Stabih'ty of 
Solutions of, and of Dehydro- 
ascorbic Acid (Guild, Lockhart 
and Harris), 183. 

Asma-Vydrin, 503. 

Assay, Microbiological, using L. 
lactis Domer, Notes on (Shaw), 
695 ; Discussion, 709. 

Atophan Balsam, 424. 

Atophanyl, 424. 

Atropa Belladonna, Frequency De- 
terminations of (Boswijk), 256. 
Atropine, Determination of Small 
^^ncentrations of (lonnessen). 

Atropine Poisoning, Acute (Wel- 
boum and Buxton), 119. . 
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SUBJECT INDEX 


Aureomycin ; Experimental and 
Clinical Investigations (Bryer, 
Schoenbach, Chandler, Bliss 
and Long), 120. 

‘Avloprocil, 349. 


B 


Bacitracin, Production and Proper- 
ties of Crude Substance (Anker, 
Johnson, Goldberg and 
Meleney), 250. 

Bacitracin, Stability of (Bond, 
Himelick and Macdonald), 406. 

Bacterial Survival in Systems of 
Low Moisture Content. Part 
J — Enumeration and Distribu- 
tion of Organisms in Spray- 
dried Powders (Bullock, Keepe 
and Rawlins), 878 ; Discussion, 
. 900. 

Bactericides, Aerial, Evaluation of 
(British Disinfectant Manufac- 
turers Association, Aerosol 
Panel), 627. 

Baljet Reaction (Bell and Krantz), 
721. 

Barbiturates, Xanthydrol as Iden- 
tification Reagent for 
(McCutcheon and Plein), 545. 

Barbiturates in Blood and Tissues, 
An Ultraviolet Spectrophoto- 
mctric Procedure for the Deter- 
mination of (Goldbaum), 252. 

Barbiturates in Tissue ; Determina- 
tion by Ultraviolet Absorption 
Spectrophotometry (Born),988. 

Beetle Fragments, Isolation and 
Identification of, in Powdered 
Vegetable Drugs (Melville), 
649. 

Belladonna, Indian, Pharmacognosy 
(Youngken and Hassan), 415. 

Belladonna, Indian, Studies on 
(Chatterjee and Lahiri), 559. 

Belladonna Root, Histology of 
■(Melville), 156. 

Benadryl and Pyribenzamine Hydro- 
chlorides, Identification and 
Differentiation of (Haley), 987. 

Benecol, 63. 

Benzene Hexachloride, Determina- 
tion of, in Pharmaceutical 
. Preparation (Shaw), 813 ; Dis- 
cussion, 817. 


Benzimidazole, The Folic Acid 
Activity and Antagonism of 
Two Structurally Related 
Derivatives of (Edwards, Star- 
ling, Mattocks and Skipper). 
46. 

Benzoic Ester Group Local Anses- 
thetics. Identification of 
(Hucknall and Turfitt), 462. 
Bcnzylpenillic Acid, Synthesis of 
(Holley, Carpenter, Livermore 
and du Vigneaud), 491. 
Benzylpenicillinic Acid, A Crystal- 
line Form of (Trenner and 
Buhs), 824. 

Beplex Elixir, 269. 

Biocerin (Johnson, West, Jones 
and Long), 723. 

Bismuth, A New Reaction of 
(Jean), 40. 

Bismuth in Biological Materials. 

Determination of (Laug), 492. 
Bismuth Sodium Triglycollamate 
(New and Non-official Remedies ) , 
269. 

Book Reviews : 58-59 ; 129 ; 191 ; 
266-267 ; 348 ; 420 ; 501-502 ; 
565-566 ; 634-635 ; 732-733. 
Boric A6id, Estimation of Small 
Amounts of (Trinder), 404. 
iso-Bomyl Thiocyanoacetate, Tech- 
nical (New and Non-officiaf 
Remedies), 270. 

British Pharmaceutical Conference : 
Chairman’s Address, 641. 
Research Papers and Discus- 
sions 649-720 ; 747-835 ; 
869-930. 

Proceedings, Inset. 

Symposium, 931-949. 

British Pharmacopoeia, 1948 ; The 
Assay of Alkaloidal Salts (van 
Os), 55. ■ 

British Pharmacopoeia, 1948, Phar- 
macognosy of (Fluck), 127. 
British Pharmacopoeia, 1948 ; Tests 
for Purity (Baggesgaard- 
Rasmussen), 342. 


c 

C6, see Hexamethonium Bromide. 

CIO, see Decaraethonium Iodide. 

Cadmium in Biological Materials 
and Foods, Estimation of 
(Shirley, Benne and Miller), 
492. 

Cajuput Oil, Characters of (Spoon 
and Sesseler), 245. 
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SUBJECT INDEX 


Congo Red and Related Com- 
pounds, Antagonism to Curare 
(Kensler), 727. 

Copper, Colorimetric Determina- 
tion with Carbon Disulphide 
and Diethanolamine (Woelfel), 
I8I. 

Corticosterone - like Compounds 
(Khan and Linnell), 230. 

Courbonia virgata. Chemical Com- 
position and Basic Constituents 
of (Henry and Grindley), 490. 

Courbonia virgata. Identification of 
Toxic Principle as a Tetra- 
methyl - ammonium Salt 
(Henry), 415. 

Cremosuxidine, 193. 

Cresatin, 349. 

m-Cresol and /)-CresoI, Colori- 
metric Analysis of (Savitt, 
Goldberg and Othmer), 836. 

Cryptocarya pleurosperma, Alka- 
loids of, (de la Lande), 488. 

Crystallisation, Semi-micro, 
Apparatus for (Evans and 
Partridge), 351. 

Crystodigin, 349. 

Cuprelone, . Trigeminal Neuralpa 
Treated with (Campbell), 187. 

Curare, Antagonism of by Congo 
Red and Related Compounds 
(Kensler), 111. 

Curare, Assay by Rat Method 
(Allmark and Bachinski), 561. 

Curare and Curarising Substances, 
Pharmacology of (Paton), 273. 

Curare and Erythroidine Alkaloids, 
Biological Method of Determi- 
nation (Pick and Richards), 
843. , 

Curariform Activity of Certain 
Chondrodendrine Derivatives 
(Marsh, Sleeth and Tucker), 
116. 

Curarising and Anti-curarising 
Action, Prolongation of(Chase, 
Bhattacharya and Schmidt), 
843. 

Curarising Properties of R.P. 3697 
(Wien), 116. 

Cystine, Modified Microbiological 
Assay (Barton-Wright and 
Curtis), 115. 


D 


Danish Pharmacopoeia, 1948, 
Review of, 499. 


Datura, Effect of Cultural Condi- 
tions on Alkaloidal Content of 
(Hegnauer-and Fliick), 494. 

Datura metel-. Effect of Colchicine 
Treatment on the Alkaloidal 
Content of (Beesley and Foster). 

Datura Stramonium, Growth Effects 
produced by 2 ; 4-Dichloro- 
phenoxy-acetic Acid applied to 
the Stems (Youngken), 257. 

D.D.T., see Dicophane. 

Decamethonium Iodide, Action of, 
in Birds (Buttle and Zaimis), 
992. 

Decamethonium Iodide, in Anaes- 
thesia (Organe), 561. 

Decamethonium Iodide, Effects on 
Respiration and Induced Con- 
vulsions in Man (Davies and 
Lewis), 633. 

Decamethonium Iodide and Hexa- 
methonium Bromide, Proper- 
ties and Reactions of (Balaban). 
Levy and Wilde), 603. 

Dehydroascorbic Acid, Stability of 
Solutions of (Guild, Lockhart 
and Harris), 183. 

Depropanex, 1 33. 

Dermogesic Ointment, 269. 

Dextran as a Plasma Substitute 
(Bull, Ricketts, Squire, May- 
cock, Spooner, Mollison and 
Paterson), 416. 

Dextran, as a Plasma Substitute 
(Thorsen), 562. ‘ 

Diamidin, 63. 

Diamidines, Amperometric Micro- 
titration of (Conn), 41. 

Diamidines as Antibacterial Com- 
pounds (Wien, Harrison and 
Freeman), 557. 

Diamines, 2-Thenyl Substituted, 
with Antihistamine Activity 
(Leonard and Solrassen), 629. 

Diaminomethylpyrimidines and 
Related Compounds ; Studies 
in the Chemotherapy of Tuber- 
culosis (Hoggarth, Martin, 
Paige, Scott and Young), 255. 

Diatrin, Toxicologic and Anti- 
histaminic Properties of (Ercoli, 
Schachter, Hueper and Lewis), 
496 . 

2 : 4-Dichlorophenoxyacetic Acid, 
Anti-bacterial Activity of 
(Worth, Jr., and McCabe), 731. 

p.p’- Dichlorodiphenyltrichloroeth- 
ane, see Dicophane. 
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SUBJECT INDEX 


Dicbroa febrifuga Lour, Anti- 
malari^ Constituents of (Chou 
Fu and Kao), 490, 

Dicophane, Content of p.p' isomer 
in Commercial Samples of 
(Wain and Martin), 622. 

Diencestrol and Hexoestrol, Tetra- 
alliyl Substituted Anaiogues of 
(Niederl and Weiss), 339. 

Di^talis, Colorimetric Estimation 
of (Swoap), 488. 

Di^talis, Assay of, with Lupin 

' Seedlings (Hauser and Rosen- 
berger), 844, 

Diptalis Assay ; Comparison of 
Intravenous Pigeon and Intra- 
venous Cat Methods (Braun 
and Lusky), 120. 

Digitalis Glycosides, Chemical Es- 
timation of (Canback), 201. 

Digitalis Glycosides, Chemistry and 
Pharmacology (McChamey, 
bJashod, Auerbach and 
Laquer), 547. 

Digitalis Products, Assay of by 
Pigeon Method, (Lavallee, A., 
and M. G. Allmark), 633. 

Digitoxin, Colorimetric Assay 
(Warren, Howland and Green), 
41. 

Digjtown, Baljet Reaction, Effect of 
Various Alkalis on (Bell and 
Krantz), 334. 

Digitoxin and Digitoxigenin, Baljet 
Reaction (Bell and Kxantz), 
721. 

Dihydrocodeinone Bitartrate (.New 
and Non-official Remedies), 269. 

Dihydtoxy Aluminium Aminoace- 
tate (A'eii' and Non-official 
Remedies), 503. 

Di-wopropyl Fluorophosphate ; 
Effect on Anoxic Survival 
(Freedman and Himmch), 53. 

Di-isopropyl Fluorophosphonate 
(D.F.P.) in Surgery (QuiUiam 
and QuiUiam), 728. 

Dimercaprol (B.A.L.), Effect of 
Eniironmental Temperature on 
(McDonald), 340. 

Dimercaprol (B.A.L.), Influence of, 
on the Toxicity and Thera- 
peutic Activity of Mapharsen 
(Ercoh and Wilson), 53. 

Dimercaprol m the Treatment of 
Experimental Lead Poisoning 
in Rabbits (Germuth and 
Eagle), 260. 


Dimercaprol (B.A.L.) Treatment of ' 
Gold Dermatitis (Simpson), 
121 . . 

Dimercaprol (B.A.L.) and its Gluco- 
side, in Acute Lead Poisomng 
(Weatherall), 341. 

1:3- Dimethoxypropanone - 2, Syn- 
thesis of (Abouzeid and 
Linnell), 235. 

5:6- Dimethylbenziminazole, 
Vitamin Bi,, A Derivative of 
(Holliday and Petrow), 734. 

Diparcol, 848. 

Diparcol, in Parkinsonism (Duff), 
728. 

Diphtheria, Materials used in Great 
Britain for the Active Immuni-' 
sation of Man against (Hartley), 
425. 

Diphtheria Toxoid, Improvemei)t 
in Preparation (Holt), 251. 

Dipole Moment and Physiological 
Activity (Melandcr), 188, 

Disecron, 848. 

Disprin, 504. 

Dithiocarbamic Acid Derivatives ; 
Action Against Human Patho- 
gens (Miller and Elson), 564. 

Dithiols and Acetyldithiols, Anti- 
dotal Activity of, in Mice 
Poisoned with Oxophenarsine 
(Weatherall), 576. 

Dolcin, 567. 

Drugs, Effect of, on the Motility of 
Isolated Strips of Human 
Stomach Muscle (Graham), 
95. 

Drugs and Medicines, Storage of. 
Report of a Symposium on, 
931. 

Drying Conditions, A Study of 
U.S.P. Xm and N.F. VHI 
(Deahl, Powers and Green), 
404. 

Duboisia spp., Alkaloidal Assay of 
(Frautner and Roberts), 241. 


E 


AnorEcgonine, Complete Extrac- 
tion of the Bases and Acid 
Esters from Coca Leaves (de 
Jong), 108. 


tmetine Hydrochloride, Specific 
Rotation of (Beesley and 
Foster), 268. 

Ephedra and Ephedrine in Nasal 
of (Analytical 
Methods Committee), 181 
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SUBJECT INDEX 


Ephedrine in Nasal Sprays, Assay of 
(Analytical Methods Conamit- 
tee), 181. 

Ergot and Preparations, Alkaloidal 
Content of (Schou, Jorgensen 
and Jensen), 51. 

Ergot Alkaloids, Separation and 
Identification by Paper Parti- 
tion Chromatography (Foster, 
MacDonald and Jones), 802; 
Discussion, 811. 

Erythrea Spicaia, The Pharmaco- 
logical Actions of (Farrag and 
SheriO, 219. 

Erythroidine Alkaloids and Curare, 
Biological Method of Deter- 
mination (Pick and Richards), 
843. 

Estigyn, 350, 

Etamon, 193. 

Ether, in Blood and Gases, Deter- 
mination of (Hemingway, 
Bemat and Maschmeyer), 554. 

Ethiodan, 350. 

Ethylene Glycol, and Some of Its 
Monoaikyl Ethers, Evaluation 
of the Bactericidal Activity 
against Bacterium coli (Berry 
and Michaels), Part VI, 470 ; 

■ Part Vn, 607. 

Eulissin, 638. 

Extracts, Determination of Moisture 
in, by Infra-red- Heating | 
(Bouchardy and Mirimanoff), 
240. 

F 

I 

Fats and Oils, Stability of (Santiell), 
336. 

Fatty Acids of Intermediate Chain 
Length, Estimation by Parti- 
tionChromatography (Peterson 
and Johnson), 41. 

Fatty Acids, Saturated Straight- 
Chain, Separation of (Ramsey 
and Patterson), 245. 

Fatty Oils, Neutralisation of, for 
Injection (van Arkel and van 
Sonsbeek), 413. 

Fel-evac, 638. 

Ferosan, 352. 

Ferric Chloride, Reactions of, in 
Presence of Alcohol, (Rosen- 
thaler), 181. 

Ferrivenin, 193. 

Filtration under Reduced Pressure, 
Apparatus for (Banks), 272. 

Fish Oils, New Zealand (Oliver and 
Shorland), 335. 


Flaxedil, Curare-like Actions of 
(Mushin, Wien, Mason and 
Langston), 844. 

Fluorescein as an Indicator of 
Antihistamine Activity 
(Bukantz and Daurmin), 121 . 

Folic Acid in Liquid Preparations 
(Scheindliri), 117. 

Folic Acid, Polarographic Deter- 
mination of (Mader and 
Frediani), 410. 

Folin-Ciocalteu Phenol Reagent, 
Colorimetric Determination of 
Potassium by (Abul-FadI), 837. 

Folybden, 567. 

Frangula Bark, Assay of (Erne), 42. 

Frangula, Cascara Sagrada and 
Oak Barks, Distinction be- 
tween the Powders of (du 
Chatelier), 989. 

Formic Acid and Methyl Alcohol 
Excretion in Man (Lund), 992. 

Fungistatic Activity and Structure 
m a Series of Simple Aromatic 
Compounds (Cavill, Phillips 
and Vincent), 412. 


G 


Galenicals, Occurrence of Methyl 
Compounds in (Brookes and 
Johnson), 777. 

Gelatin, Behaviour of Solutions of 
(Rosi and Strocchi), 623. 

Genabrom, 567. 

Glucose, Preparation of Sterile 
Solution of (Hoorweg and 
Reyden), 255. 

Gluco-thricil, 848. 

Glycerol, Colorimetric Method for 
the Determination of Small 
Quantities of (Mikkelsen), 241. 

Glycerophosphates, Sodium and 
Calcium, A Survey (Toal and 
Phillips), 869 ; Discussion, 877. 

Glyceryl Trinitrate, Determination 
of (Alien), 243. 

Glycosides, Cardiac, Synthetic 
Compounds Related to (Linnell 
and Said), Part I, 148 : Part II 

Glycosides, Cardioactive (Stoll), 
849 . . „ 

Gonadotrophin, Crystalhne Human 
Gonadotrophin and its Bio- 
logical Action (Ciaesson, Hog- 
berg, Rosenberg and Westman) 
122 . 
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H 


Henbane, Indian. Part T (Forsdike 
and Johnson), 661. 

Heparin, Assay of (Manperi), 253. 
Heparin, A ISSew Method for the 
Assay of CKjems and Wagner). 

8 ^. 

HepariiC A Hew Extraction Pro- 
cedure for (Snehtnan, Jensen 
and Sylven), 46. 

Heptal^, 504. 

Heptylamines, Isomeric, Compara- 
tive Pharmacology' of (Marsh), 
417 . 

Hetrazan, Mode of Action of 
Filariasis (Hawking, SeweW and 
Thurston), 260. 

Hexa - ethyltetrapyrophosphate. 
Toxicology and Pharmacology 
of (Forssling), 728. 
Hexamethonium Bromide, Proper- 
ties and Reactions of (Balaban, 
Levy and Wdde), 603. 

Hexoestrol, Stilbcestrol and Their 
Glucuronides in Urine, Colori- 
metric Estimation of (Mal- 
press), 338. 

Hexcestrol, Tetra-alkyl Substituted 
Analogues of (Niederl and 
Weiss), 339. 

Histamine Antagonists, Compari- 
son of (Reuse), 416. 

Histamine, an Improved Colori- 
metric Method for the Estima- 
tion of (Rosenthal and Tabor), 
113. 

Histamine, Microchemical Identifi- 
cation of (Deniges), 722. 
Histamine, Vitamins as Antagon 
ists towards (Lecoq, Chauchard 
and Mazoue), 725. 

Hormones, Steroid and Synthetic, 
Colour and Fluorescence Re- 
actions for (Stuart and 
Stuckey), 130. 

r//-Hydnocarpic Acid, Synthesis of 
(Diaper and Smith), 182. 
Hydrastis, Histological Peculiari- 
ties of Adulterants (Lemesle), 
187. 

Hydrogen, Evolution from Ferrous 
Hydroxide (Evand and Wank- 
lyn), 45. 

Hydrogenator, Low Pressure 
(Glenn), 194. 

p - Hydroxybenzcnesulphonamides 

(Jensen and Christensen), 842. 


a - Hydroxy-P-raethoxypropionalde- 

hvde. Synthesis of (Abouzeid 
and Linncli), 235. 

n -HydroxyTthenyl - a n ; ^ -Bulcno- 
lide Glucoside (Linnell and 
Said), 148. 

o - Hydroxyciuinolme Sulphate, 
Alkalimetric Titration of 
(Reimers), 182. 

4 - Hydroxy - 6(2' ; 6' ; 6' - trimethyl- 
cyclohex; r-enyl)-4-methyl-hcx 
-5-en-l-j’ne.Synthesisof(Feitel- 
son, Petrow and Stephenson), 
847. • 

Hypnotics, Effect of the Sulphone 
Group in (Ghamrawi and 
Said), 757 ; Discussion, 760. 

Hyoscine and Hyoscyainine, Sep- 
aration of, and the Alkaloidal 
Assay of Duboisia spp. (Fraut- 
net and Roberts), 241. 


Indones, Preparation of (Dalev), 
401. 

Inositol, Chemical Determination 
of (Fleury and Leconles), 242. 

Insulin, Determination of Protein 
in (Cordebard and Scheider), 
725. 

Insulin, Potentiation bv Sulphones 
(Macallum), 635. ' 

Insulin, Regeneration from Insulin 
Fibrils by the Action of 
Alkali (R'augh), 551. 

Insuim, Subcutaneous Implanta- 
tion of, in Diabetes Mellitus 
(Vargas), 844. 

Iodine in Orgamc Compounds, 
micro - determination of 
(Grangaud), 242. 

Iodine, Tincture of. Stability of 
(TenuBe), 187. 

lodonium Compounds, Antibac- 
lerial Activity of (Gershenfeld 
and Witlin), 125. 

lodonium Compounds, Bacterio- 
static Efficiency of (Gershen- 
feld and Witlin), 125, 

lodophthalein. Excretion from the 
Human Organism (Bang and 
Georg), 990. 

lodosalicylates of Alkaloids 
(Covello and Capone), 38. 

Iron, Colorimetric Determination 
of, with iso-Nitrosodimethyldi- 
hydroresorcinol (Shome), 243. 

Iron, Microdetermination of (Smith 
and Fritz), 239. 
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SUBJECT INDEX 


Iron, Volumetric Determination of 
(Cooke, Hazel and McNabb), 
836. 

Iron Therapy, Intravenous (Hem- 
iheler), 845. 

Iron Therapy, Intravenous, of 
Antemia (Nissim and RobsonV 
845. 

Iron Therapy, Intravenous, in the 
Treatment of Ansemia (Slack 
and Wilkinson), 341. 

Isotonic, Solutions, Preparation of 
(Lund, Pedersen-Bjergaard and 
Baggesgaard-Rasmussen), 631. 

Isuprel, in Spontaneous and In- 
duced Asthma (Lowell, Currey 
and Schiller), 417. 


J 

Jaborandi, Assay of (Report of the 
Society of Public Analysts), 
109. 

Juniper Wood, Sierra, Juniperus 
occidentalis. Hooker (Kurth 
and Lackey), 559. 

Juniperus occidentalis. Hooker, 
Sierra Juniper Wood (Kurth 
and Lackey), 559. 


. K 

Karaya Mucilage (Grbnkist), 247. 

Khellin, in Injections and Tablets, 
Assay of (Fahmy, Badran and 
Messeid), 535. 

Kheilin, Photoefectric Coforimetric 
Estimation of (Fahmy, Badran 
and Messeid), 529. 

Khellinin and Visammin, Response 
of the Heart to (Samaan, 
Ho^sein and Fahim), 538. 

Kina-Redoxon, 736. 


L 

Lactobacillus casei. Growth Factors 
for (Chattaway, Dolby and 
Happold), 407. 

Ltevulose, Determination of (Englis 
and Miles), 836. 

Lantigen, 567. 

Linolenic Acids in Edible Fats, ' 
Determination of (Stainsby), 
334. 


Lipo-Adrenal Cortex {New and Non- 
official Remedies'), 736. 

Liquorice, Liquid Extract B.P., 
Variations in Colour of (Oakley 
and Stuckey), 714. Discussion 
719. 

Liver Extracts, Commercial, 
Growth Activity for L. lactis 
Domer (Shaw), 701 ; Discus- 
sion, 709. 

Liver Extract, Vitamin Bj. Con- 
centration and Relationship 
between Clim'cal Response 
and Bij Dosage (Cuthbertson, 
Lloyd, Emery and Lees), 705 ; 
Discussion, 709. 

Liver Sympathin, Pharmacology of 
(West), 631. 


M 

Magsilate, 567. 

Melting-point Apparatus, A Re- 
flected Light, 64. 

Mercuric Salicylate, Assay of 
(Dombrow), 599. 

Mercury in Organic Material, 
Determination of, by Polaro- 
graphic Methods (Costa), 47. 

Mersaly], Assay (Stross and 
Stuckey), 421. 

Metheph, 568. 

Methergin, 424. 

Methionine, Modified Microbio- 
logical Assay - (Barton-Wright 
and Curtis), 115. 

Methyl Alcohol, Quantitative 
Colorimetric Microdetermina- 
tion of, with Chromotropic 
Acid Reagent (Boos), 335. 

Methyl Alcohol and Fortm'c Acid, 
Excretion in Man (Lund), 992. 

Methyl Compounds, in Galenicals, 
Occurrence of (Brookes and 
Johnson), 777 ; Discussion, 
783. 

Methyl Fluoracetate, Toxicity and 
Pharmacology of (Foss), 496. 

Methylene Blue Periodide as Volu- 
metric Indicator (Gautier), 182. 

6-Methylketohexose, Synthesis of a 
(Abouzeid and Linnell). 306. 

N-Methyloxyacanthine Iodide, 
Curariform Activity of (Marsh, 
Herring and Sleefh), 846. 

N-Methylvaline, Optical Resolution 
of (Cook, Cox and Farmer), 
624. 
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Microbiological Assay, Cup-Plate 
Method in, -with special refer- 
ence to Ribofiavine and 
Aneurine (Bacharach and 

CuthTKrtson), 113, 

Microscopy, Phase-Contrast 
Simple Method 'for (New 
Apparatus), 639. 

Miracil D (Blai and Lovendge), 
557. 

Miraca D, Tojdcology, Absorption 
and Excretion (Hawking and 
Ross), 496. 

Morphine, Ammoniacal Zinc Ferro- 
cyanide as Reagent for 
(Deniges), 405. 

Morphine, Colorimetric Determina- 
tion of (Cramer and Voennan), 
489. 

Morphine Content of Poppy Cap- 
sules (Baggesgaard-Rasmussen 
and Lanng), 51. 

Morphine, Electrometric Deter- 
mination of (Nicolini), 43. 

Morphine and Apomorphine, 
Determination of, by a Volu- 
metric-CoIoriihetric Method 
(tonescu-Matiu, Popa and 
Mondu), 109. 

Morphine and Apomorphine, 
Stability of Solution of 
donescu-Matiu, Popescu and 
Mondu), 256. 

Myanesin, 270. 

Myanesin in Body Fluids and 
Tissues, Determination of 
(Titus, Ulick and Richardson), 
337. 

Myanesin, Relaxant in Children 
(Armstrong Davison), 122, 
Myanesin m the Treatment of 
Tetanus (Davison, Ward and 
Pask), 846. 

Mydl, 134. 

Myristidn, Synthesis of (Trikojus 
and White), 838. 


N 

^-Naphthylpropionic Add, Sub- 
stituted, CEIstrogenic Activity of 
(Horeau, Jacques and Julia). 
491. 

Neats’ Foot Oil, Component Adds 
and Glycerides of (Hiidilch 
and Shrivastava), 246. 

Neoarsphenamine, Assay of the 
Curative Action of, by Tiroe- 
Mortahty Data (Liljestrand), 
78. 


Neodrenal, 424. 

Neohetramine, A New Antihista- 
mine Drug, Pharmacological 
Characteristics cf (Dreyer and 
Harwood), 123. 

Neomycin, A New Antibiotic 
(Waksman and Lechevalier), 
551. 

Neo-Octon, 848. 

Neurinase, 134. 

Niaara; a Digitalis-like Colombian 
Arrow-Poison (Mezey, Uribe- 
Piedrahita, Patoki and 
Huertas-Lozano), 261. 

Nicorbin, 63. 

Nicotinamide, in Biological Mat- 
erials, Huorimetric Estimation 
of (Chaudhuri and Kodicek), 
988. 

Mustard Hydrochloride, 


Nitrogen 
134. 


o 


CEnanthe Crocata, Toxic Principle 
of (Oarke, Kidder and Robert- 
son), 377. 

CEstriol, Separation from CEstrone- 
OEstradiol Fraction (Ftiedgood, 
Garst and Haagen-Smit), 840. 

(Estrogens, Preparation from Urine 
by Application of High Tem- 
peratures (Sulman), 112. 

(Estrogens, Separation of Andro- 
gens from, and Partition of 
CEstriol from, the CEstrone- 
CEstradiol Fraction (Friedgood, 
Garst and Haagen-Smit), 840. 

(Estrogens, Synthetic (Dodds), 137. 

(Estrogens, Synthetic (Clark and 
Linnell), 211. 

(Estrogens, Synthetic, Colorimetric 
Determination of (Carayon- 
Gentil and Cheymol), 243. 

(Estrogens, Synthetic, Related to 
Triphenylethylene 
726. 

(Estrogens, Synthetic, 
Triphenylethylene 
Farahat and Robson),'726. 

(Estrone, Equilin and Equilenin, 
Determination of, by Infra-red 
Spectrophotometry (Carol, 
Molitor and Haenni), 47. 

Oils and Fats, Stability of (Sandell), 
336. 

Oils and Fats, Sterilisation of 
(Humi), 186. 

Oils and Fats, Sterilisation of 
(Kessler), 340. 


(Tadros), 

Related to 
(Tadros, 
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Iron, Volumetric Determination of 
(Cooke, Hazel and McNabbj, 
836. 

Iron Therapy, Intravenous (Hem- 
meler), MS. 

Iron Therapy, Intravenous, of 
Ansmia (Nissim and Robson), 
845. 

Iron Therapy, Intravenous, in the 
Treatment of Anaemia (Slack 
and Wilkinson), 341. 

Isotonic, Solutions, Pr^aration of 
(Lund, Pedersen-Bjergaard and 
Baggesgaard-Rasmussen), 631. 

Isuprel, in Spontaneous and In- 
duced Asthma (Lowell, Currey 
and Schiller), 417. 


J 

Jaborandi, Assay of (Repon of the 
Sodety of Public Analysts), 
109. 

Juniper Wood, Sierra, Juniperus 
occidentalis. Hooker (Kurth 
and Lackey), 559. 

Juniperus occidentalis, Hooker, 
Sierra Juniper Wood (Kurth 
and Lackey), 559. 


. K 

Karaya Mudlage (Gronkist), 247. 

Khellin, in Injections and Tablets, 
Assay of (Fahmy, Badran and 
Messeid), 535. 

Khellin, Photoelectric Colorimetric 
Estimation of (Fahmy, Badran 
and Messdd), 529. 

Khellinin and Visammin, Response 
of the Heart to (Samaan, 
Hossein and Fahim), 538. 

Kina-Redoxon, 736. 


L 

Lactobacillus casei. Growth Factors 
for (Chattaway, Dolby and 
Happold), 407. 

Ltevulose, Determination of (Englis 
and Miles), 836. 

Lantigen, 567. 

Linolenic Adds in Edible Fats, 
Determination of (Stainsby), 
334. 


Lipo- Adrenal Cortex (jVcw and Non- 
official Remedies), 736. 

Liquorice, Liquid Extract B.P., 
Variations in Colour of (Oaklej- 
and Stuckeyj, 714. Discussion 
719. 

Liver Extracts, CommerdaL 
Growth Activity for L. lactis 
Domer (Shaw), 701 ; Discus- 
sion, 709, 

Liver Extract, Vitamin Bu Con- 
centration and Relationship 
between Clinical Response 
and Bi- Dosage (Cuthbertson, 
Lloyd, Emeiy and Lees), 705 ; 
Discussion, 709. 

Liver Sympathin, Pharmacology of 
(West;, 631. 


51 

Magsilate, 567. 

Melting-point Apparatus, A Re- 
flected Light, 64. 

Mercuric Salicylate, Assay of 
(Dombrow), 599. 

Mercury in Organic Material, 
Determination of, by Polaro- 
graphic Methods (Costa), 47. 

Mersalyl, Assay (Stress and 
Stuckey), 421 . 

Methepi^ 568. 

.Methergn, 424. 

Methionine, Modified Microbio- 
logical Assay- (Barton-Wright 
and Curtis), 115. 

Methyl Alcohol, Quantitative 
Colorimetric hlicrodetermina- 
tion of, with Chromotropic 
Add Reagent (Boos), 335. 

Methyl Alcohol and Formic Add, 
Excretion in Man (Lund),_99Z 

Methyl Compounds, in Galenicals, 
Occurrence of (Brookes and 
Johnson), 777 ; Discussion, 
783. . . , 

Methyl Fluoracetate, Toxicity and 
Pharmacology of (Foss), 496. 

Methylene Blue Periodide ^ Volu- 
metric Indicator (Gautier), IcZ 

6-Methylketohexose, Synthesh of a 
(Abouzeid and Linnell), 305. 

N-Methyloxyacanthine 

Curariform Activity of (Marsh, 
Herring and Sleeth), 846. 

N-Methylvaline, Optical Resolution 
of (Cook, Cox and Farmer), 
624. 
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SUBJECT INDEX 


Ointment Bases, Measurement of 
Diffusion of Antiseptics from 
(ClarJc and Davies), 521. 

Opium from Greece (foitikos), 52, 
Opimtia vulgaris. Pectin, Penicillin 
Delay Action of (Diacono and 
Massa), 493. 

Opuntia vulgaris, as Source of Pectin 
(Diacono and Massa), 560. 
Orthoxine, Pharmacology of 
(Graham and Kuizenga), 563. 
Ouabagenin (Chen, Anderson and 
Worth), 261. 

Oxydimorphine in presence of 
Morphine, Determination of 

(Thom and Agren), 405. 
Oxytocic Hormone, Assay of 
(Stewart), 436. 


P 

Paludrine, Activation of (Hawking 
and Peny), 342. 

Paludrine, Some Pharmacological 
Actions of (Vane), 729. 

Paludrine, see also Proguanii. 

Pamaquin, Colorimetric Detection 
and Determinationof(Sanchez), 
722. 

Panlittol, 271. 

Parpanit, Treatment of Parkinson- 
ism with (Dunham and 
Edwards), 188. 

Paryestin, 736. 

Pectin, from Opuntia vulgaris 
(Diacono and Massa), 560 

Pectin of Opuntia vulgaris. Peni- 
cillin Delay action of (Diacono 
and Massa), 493. 

Pectalin, 63. 

^-Peltatin, A New Compound from 
Podophyllin (Hartwell and 
Detty), 248. 

Penicillin, (New) Absorption Delay 
Vehicle (Buckwalter and 
Dickison), 407. 

Penicillin, Activity in vitro. 
Enhanced by Vitamin Ks (Pratt, 
Dufrenoy and Sah), 407. 

Penicillin, Antibacterial Activity of 
Synthetic Compounds of 
(Brownlee and Woodbine), 724. 

Penicillin, Assay by the Dilution 
Method (Pope), 47- 

Penicillin, Cytochemic’al Action of 
(Dufrenoy and Pratt), 724. 

Penicillin Depot Preparations 
(Biichi and Gundersen), 186. 


Penicillin, Determination of, by 
Alkaline Hydrolysis (Patterson 
and Emery), 114. 

Penicillin, Diffusion of (Mosonyi, 
Held and Kocsan), 552. 

Penicillin, Effectiveness Enhanced 
by Traces of Cobalt (Strait, 
Dufrenoy, Pratt and Lamb), 
724. 

Penicillin, Enhancement of Thera- 
peutic Activity (Hobby, Lenert, 
Reed and Reme), 552. 

Penicillin, Inactivation of, by Oil of 
Theobroma (Floyd), 734. 

Penicillin, Induced Resistance and 
Oxygen Utilisation (Bellamy 
and Klimek), 190. 

Penicillin, Investigation on the 
lodimetric Method of Estima- 
tion of (Wild), 48. 

Penicillin, Microbiological Assay 
by the Turbidimetric Method 
^ond and Davies), 48. 

Penicillin, Paper Strip Chromat- 
ography (Kluener), 555. 

Penicillin, Radipactive, Investiga- 
tions witli (Cooper and 
Rowley), 729. 

Penicillin, Radioactive, Studies with 
(Rowley, Miller, Rowlands and 
Lester Smith), 251. 

Penicillin, Single Daily Dose Treat- 
ment of Pneumonia (Weiss and 
Steinberg), 730. 

Penicillin, Spectroscopic Estimation 
of (Twigg), 410. 

Penicillin,’ Standards (Bond), 47. 

Pem’cillin, Suspension wth Adrena- 
line (Ercoli, Hueper, Landis, 
Lewis and Schwartz), 497. 

Penicillin, Suspension with Adrena- 
line for Gonorrhoea (Cohn and 
Komblith), 189, 

Penicillin, Treatment of Naso- 
pharyngeal Diphtheria (Bixby), 
261. 

Penicillin Aluminium Salt, in Mouse 
Tests (Reid), 188. 

Penicillin Formulations, The Effi- 
cacy of Oily Injections (Floyd), 
747 ; Discussion, 755. 

Penicillm G, Determination of 
(Levy, Shaw, Parkinson and 
Fergus), 556. 

Penicillin G, in Small Broth 
Samples, Estimatioh of (Thom 
and Johnson), 114. 

Penicillin G, Procaine (Herrell, 
Nichols and Heilman), .123. 
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SUBJECT INDEX 


Procaine, Influence of Potassium 
and Calcium Ions on (Bein), 
417. 

Procaine and Procaine-Adrenaline ; 
Stability of Solutions of 
(G616bart), 493. 

Procaine, in Procaine Penicillin and 
its Oily Suspensions,. Deter- 
mination of (Shaw), 514. 

Progesterone, Photometric Deter- 
nunation of (Diding), 987. 

Progesterone, Stability of (Woolf 
and Allen), 552. 

Proguanil, Determination of (Stagg), 
391. 

Proguanil, Intravenous (Chaudhuri 
and Chakravarti), 418. 

Proguanil, in Malaria due to W. 
African strains of P. falciparum 
(Coveil, Nicol, Shute and 
Maryon), 418. 

Proguanil (Paludrine) Some Pharma- 
cological Actions of (Vane), 729. 

Proguanil (Paludrine) Resistance of 
Plasmodium gallinaceum to 
(Bishop and McConnachie), 
630. 

Proguanil, see also Paludrine. ' 

Promanide, 271. 

Promin, 271. 

PromizoJe, 134. 

Protein in Malted Preparations 
(Wokes and Klatzkin), 903 ; 
Discussion, 929. 

Prothricin, 135. 

Psyllium Seeds, Evolution of Muci- 
lages of (Greenberg), 494. 

Pteridine, Synthesis of (Jones), 624. 

Pyrethrin Content of C. cinararice- 
folium flowers (Edwards), 249. 

Pyrethrum Flowers, Analysis of 
(Mitchell, Tresadem and 
Wood), 336. 

Pyribenzamine, 638: 

Pyribenzamine and Benadryl Hydro- 
chlorides, Identification and 
Differentiation of (Haley), 987. 

Pyridine Nucleotides, Extinction 
Coefficients of the Reduced 
Band of (Horecker and 
Kornberg), 252. 

Pyrogen, from Various Sources, 
Examination of (Wylie and 
Todd), 818 ; Discussion, 834. 

Pyrogens and Fever of Acute 
Infection (Bennett), 418. 

^ - Pyrrolidine - ethyl- phenothiazine 
(Pyrrolazote), Pharmacology of 
(Vander Brook, Olson, Kch- 
mond and Kuizenga), 419. 


Q 

Quaternary Ammonium Disinfec- 
tants ; a Semi-micro Method 
for Testing (KJarmann and 
Wright), 126. 

Quercetin and Rutin, Spectrof 
photometric Determination of 
(Swann), 323. • 

Quinamine, Cinchonamine and 
Yohimbol, Relation Between 
(Raymond-Hamet), 620, 

Quinine Methiodide, Pharmacology 
of (Shaw, Keogh and Mac- 
Callum), 419. 

R 

Rape Seed Oil, Component Acids 
of (Baliga and Hilditch), 336. 

Remijia pedimculata. Observations 
on the Bark of (Youngken), 
559. 

Rauwolfia, Pharmacognosy of 
(Wallis and Rohatgi), 292. . 

Riboflavine, in Foodstuffs and 
Biolo^cal Material, Fluori- 
metric Estimation of (Kodicek 
and Wang), 837. 

Riboflavine, in Malted Prepara- 
tions, Fluorimetric and Micro- 
biolo^cal Assay of (Klatzkin, 
Norris and Wokes), 915 : 
Discussion, 929. 

Riboflavine, Microbiolo^cal Assay 
of (Bacharach and Cuthbert- 
son), 113. 

Riboflavine and Allied Sujjstances, 
Production of during the 
Growth of Corynebacterium, 
diplithericE - (Woiwod and 
Linggood), 626. 

R. P. 3697, Curarising Properties of 
(Wien), 116. 

Rutacese, Australian, Alkaloids of 
(Hughes, Lahey, Price and 
Webb), 239. 

■Rutin, ESect on Anaphylactic and 
Histamine Shock (Wilson and 
. DeEds), 53. 

Rutin and Quercetin in Mixtures. 
Spectrophotometric Deter- 
mination of (Swann), 323. 

s 

Saccharated Iron Oxide for Intra- 
venous Administration (Nissim 
and Robson), 558. 
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review article 


TEE ANTIHISTAIVnNE DRUGS 


By D. IvL Dunlop 

B.A..(Oxoii.), M.D., F.R.C.P.{Edm.), F.R.C.P., 

Professor of Therapeutics and Clinical Medicine in the University of Edinburgh^ 
Chairman of the British Pharmacopoeia Commission 


Histamine is a bass formed from the amino-acid histidine by the re- 
moval of the carboxyl group from the latter substance, which change 
can be brought about by some bacteria or by prolonged heating with 
acids. It is present in most cells in the body, but it only becomes 
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active when liberated from the cell by trauma or in some other way. 
It is normally present in large quantities in the intestine from which 
it is absorbed to some extent, and is destroyed by the enzyme histaminase 
which is present in particularly high concentration in the intestinal 
mucosa. 

The pharmacological actions of histamine vary according to the ex- 
perimental animal into which it is injected. Contraction of plain muscle 
occurs which may be followed by an inhibitory phase. TMs constrict- 
ing effect has a striking species specificity. It is mainly to be obser\'ed 
in the bronchioles of the guinea-pig, the muscular tissue round the 
hepatic veins of the dog and in the pulmonary arteries of the rabbit 
Capillary dilatation also takes place, causing a fall in blood pressure 
and shock, which is particularly obvious in the cat. This action can 
be demonstrated on the human skin by scratching it through a drop of 
histamine solution or by liberating histamine from the cells by moderate 
trauma as may be caused by drawing a blunt pointed instrument firmly 
across the skin. The characteristic triple response may then be seen: 
redness, due to dilated capillaries; a w'eal, due to exudation of plasma 
from the capillaries under the epidermis; a flare, due to an axon reflex: 
A higher concentration of histamine w’ill cause itching in addition to 
the weal formation. Lastly, histamine is a strone stimulant of aastric 
Kcrction. This action is used as a clinical test of gastric function and 
is not antagonised by atropine. 

^ Chemical methods of detecting histamine and of estimating it quanti- 
tatively arc extremely laborious and difficult, and most of our know- 
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azoprotein. There may still be a future for work along these lines, but 
up to the present the benefits of such treatment have not been striking 
and no-one who has had considerable experience of the use of histamine 
azoprotein, which may produce some clinical benefit, can think it is 
the philosopher’s therapeutic stone in dealing with allergic disorders. 

From 1933 onwards French workers had been systematically search- 
ing for synthetic antihistamine drugs, and between 1937 and 1939 certain 
active compounds were actually discovered which would protect guinea- 
pigs against anaphylactic shock and lethal doses of histamine, but which 
were, however, too toxic for human use. The first of these substances, 
thymoxy-ethyl-diethylamine was discovered by Staub and Bovet and 




CHj-N 




929 F. 


labelled 929F. in their series, and the second discovered by Staub was 
another Foumeau compound containing an ethylenediamine radical 
labelled 1571F, 



N— 


CH, 




1571 F. 


In 1942 antergan (2339 R.P.)— a phenyl-benzyl-dimethyl-ethylene- 
diamine compound — was introduced by Halpern, and soon the results of 



Antergan 

its experimental and clinical trial began to appear in the French Uteratare. 
Such was the chaotic state of Europe at that time, however, that Hal- 
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pern’s discoveries did not become generally known till after the li^ra- 
tion of France, by which time neoantergan (2786 R.P .) had also been 
introduced. 



Neoantergan 


It differed from antergan in the replacement of a benzene by a pyridine 
group and the addition of a methoxy group to the benzene ring, and was 
a more potent, specific and less toxic antihistamine. In 1945 pyri- 
benzamine and benadryl were introduced in America, in which country 
both drugs began to be widely used therapeutically, though for some 
time benadryl was the only antihistamine to be generally employed in 
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Britain. Pyribenzamine differs from neoantergan in the absence of a 
methoxy group on the benzene ring, and benadryl is dimethylaminoethyl- 
benzhydryl ether hydrochloride. 
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by an imidazole ring, while hetramine is the pyrimidine analogue of 
pynbenzamine. Two further compounds — a-naphthyl-methylethyhfi- 
chlorethylamine and ^-2-biphenyIoxyethyI-^-chlorethylamine are halogen 
derivatives of neoantergan. They are of interest because they antagonise 
the action of adrenaline, whereas all the earlier antihistamines, with the 
exception of the original one, 929F., potentiate the action of adrenaline. 
The search for more potent and less toxic antihistamines continues, and it 
may well be that we have as yet only touched the fringe of new develop- 
ments. 

Potency. The potency of antihistamine substances has been tested in 
a number of ways. The lethal dose of histamine injected intravenously is 
determined for a group of guinea-pigs, which usually varies from 0'4 to 
0'8 mg. /kg. of body weight. The antihistamine to be tested is then injected 
subcutaneously and increasing doses of histamine are thereafter given 
to determine the maximum dose which the animal survives, and there- 
fore the protective effect of the antihistamine. The second test is de- 
signed to discover the protective action of the antihistamine against 
the lethal effect of histamine inhaled by a guinea-pig. The third test 
determines the power of the antihistamine to prevent the action of 
histamine in causing contraction of the guinea-pig’s isolated intestine. 
The fourth test determines its effect in preventing the depressor action 
of histamine on a dog’s blood pressure, and the fifth test measures its 
power to abolish or diminish the size of the weal caused by an intradermal 
injection of histamine. 

The relative antihistamine activity of the drugs which have been com- 
monly employed in clinical practice has been tested by these animal 
experiments. Using such tests it was found that benadryl and the old- 
fashioned French preparation, antergan, were less effective than pyri- 
benzamine, and all of them very much less effective than neoantergan 
The relative clinical effectiveness of the various drugs is, however, not 
nearly so divergent in human beings as the experiments on laboratory 
animals would have led us to expect, though it does seem that neo- 
antergan is at present the most potent and specific antihistamine which 
we possess. 

Mode of Action. A knowledge of the mode of action of this group of 
drugs is necessary if they are to be used efiBciently. It is apparent that 
they might act in a number of ways: they might prevent the release of 
histamine from the tissues; they might abolish its action by entering into 
some inert Chemical combinatipn with it; they might set up a directly 
antagonistic pharmacological action; or they might block the action of 
histamine by competing with it successfully for the tissue receptors. If 
they acted by preventing the formation of histamine they would have no 
effect on the production of the typical skin weal when histamine is in- 
jected subcutaneously, but they do have a striking effect in this respect. 
Further they would prevent the stimulating action of histamine on the 
gastric secretion, which, as we shall see, does not occur. There is no 
evidence whatever that they destroy histamine or render it inactive by 
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entering into chemical combination v/ith it. The only ^pe of pharmacy 
logical antagonistic action to histanaine which is at all likely would be the 
potentiation of adrenaline, but as some potent antihistamines antagomse 
rather than potentiate adrenaline it is impossible to believe that there can 
be any relationship between the sympathomimetic and antihistamme pro- 
perties of the others. Thus, by a process of reductio cd absurdum we 
come to the conclusion that antihistamines act by blocking the action of 
histamine by combining with its tissue receptors. 

If this theory is correct it is apparent that the underlying allergic or 
anaphylactic tendency persists in spite of the use of antihistamines since 
the abnormal production of histamine is not interfered with, and, there- 
fore. the administration of the antihistamine in clinical practice has to 
be continued either indefinitely in a few cases or at least till the allergic 
or anaphylactic tendency has subsided spontaneously, or as the result of 
artificial or natural desensitisation. It is thus important to realise that 
the use of these drugs does not absolve the physician from considering 
the advisability of specific de'sensitisation in certain cases, though such 
desensitisation may be frequently impossible, undesirable or unneces- 


sary. 

Other Effects. Few drugs have only one property. Most of them pro- 
duce— perhaps to a lesser degree — effects additional to that for which 
they are principally prescribed in therapeutics. Antihistamines are no 
exception to this rule, for, besides abolishing the effects of histamine, they 
have many other actions, some of which are inconvenient when they are 
used in clinical practice. In addition to their antihistamine activity, they 
have to a varying extent anti-acetylcholine, local anaesthetic and sym- 
pathomimetic or sympatholytic properties. Antispasmodic, analgesic, and 
quinidine-like actions have also been demonstrated by some members 
of this group. Benadryl has, even in therapeutic doses, a pronounced 
atropine-like action, causing dryness of the mouth and some dilatation 
of the pupil, an analgesic action causing drowsiness and some slight 
spasmolytic effect. These properties are shared, but to a less extent, by 
neoantergan and pyribenzamine. As we have seen, however, some of 
the newer antihistamines and 929F. are sympatholytic drugs. Anti- 
histamines are local ansesthetics. Neoantergan, benadryl and antistin, 
for instance, are 3-3, 2-5 and 1-5 times as potent as procaine. When 
taken by the mouth, however, they do not produce a demonstrable local 
anssthetic effect on the skin. Their power as antihistamines has nothing 
to do with their local ansesthetic effect, since the latter wears off in about 
an hour’s time, whereas their antihistamme action lasts for at least four 
hours. Neoantergan has been found to be twice as powerful as quinidine 
on the auricle of the rabbit, but this effect has not been demonstrated 
m the human subject. Thus, as Bum has pointed out antihistamines 
“ join the group of other substances which include spasmolytics like 
trascntm and syntropan, analgesics like pethidine and papaverine local 
anesthetics like procaine, and atropine-like substances. None of these 
can be sharply distinguished from one another. Probably each possesses 
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every property in some degree.” The common properties of all these 
drugs suggest that their site of action must be a similar one. 

Dosage and Administration. Antihistamine drugs are usually given 
by the mouth in tablets or capsules. Benadryl and pyribenzamine 
are prescribed in doses of 50 to 100 mg., with a maximum daily 
dose in the case of benadryl of 400 mg. and in the case of pyribenzamine 
of 600 mg. Neoantergan and antistin, being less toxic, can be given in 
bigger doses of 100 to 200 mg. with a maximum daily dose of 800 mg. 
Children tolerate the drugs well, and over the age of twelve can be given 
the adult dose, with appropriately smaller doses under that age. The 
drugs are quickly absorbed and fairly quickly excreted in the urine. The 
effect of a single dose does not last for more than six hours, so that in 
order to maintain a satisfactory concentration, dosage should be well 
spaced, the drug being given at least three times a day. In severe cases 
four doses should be administered — the last one as late as possible at night 
so as to “ cover ” the hours of sleep. The tablets or cachets should be 
swallowed whole and not chewed as they have an unpleasant taste, and if 
brought in contact with the mucous membrane of the mouth or pharynx 
will have a marked local anesthetic effect. Neoantergan and antistin are 
not spasmolytics like benadryl, and their use may, indeed, produce in- 
creased motility of the alimentary tract in experimental ‘animals. In 
consequence they may occasionally cause nausea if given on an empty 
stomach, and should, therefore, be taken after food. Tolerance to 
antihistamines does not seem to take place. 

Benadryl is procurable in a purified solution containing 10 mg. of 
the drug per ml. for intravenous use and its administration in this way 
has been recommended for anaphylactic emergencies, but othenvise the 
parenteral use of antihistamines is unnecessary and may, indeed, cause 
on occasion rather alarming symptoms of collapse. As might be ex- 
pected from the mode of action of antihistamines, no effect, apart from 
diminishing skin irritation, is produced on established lesions, which 
will subside spontaneously, though new lesions are prevented from 
occurring. Thus antihistamines, even if given intravenously, will have 
little effect on an established allergic emergency such as swelling of the 
tongue or oedema glottidis, for which adrenaline is the drug of choice. 

Antihistamines may be used in a suitable base for local application 
in some of the itching dermatoses, and may be applied locally to the 
nose in cases of allergic rhinorrhoea. For this latter purpose antistin 
is the most suitable preparation. 

Side Effects.— 1^0 deaths or toxic effects leading to organic change have 
occurred as the result of the administration of antihistamines, even 
though they have been administered to some patients for years. Side 
effects are, however, very common, and in about 5 per cent, of cases may 
be sufficiently distressing to necessitate discontinuing their use. A full 
dose of benadryl or antistin will cause effects in about 50 per cent, of 
cases. Pyribenzamine and neoantergan are less toxic, but cause side 
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egects in about 30 par cent of cases. The pracUcal supenonty of neo- 
anteraan, and to a less extent pyribenzainine._ over benad^l hes m toe 
fact that they are not only more active antihistammes mtih^amme for 
mfflieramme, but can be tolerated in larger doses and inay thus D=nefit 
some patients for whom the necessarily smaller dose of benadryl had 
pro\ed inegective. The great majority of toe side elects of anti- 
histamines only occur when toe drugs ate &st administered and tend to 
wear og in a few days. 


The principal side egect of aU antihistamines, but particularly benadryl, 
is sleepiness, fatigue or dizziness. In some patients on first taking^ toe 
drug this hypnotic egect may be very marked indeed, and may in a 
few cases persist even after they have been taking the drug for a long 
time. Patients should be warned about this egect before they are given 
antihistamines, and, until their reaction to toe drug in this respect has 
been ascertained, should not take their first few doses before under- 
taking work requiring skilled judgment It is wise also to start 
treatment with a smaU dafiy dose and gradually to increase it 
till the optimum efect has been obtained, as in this way the 
patient usually becomes quickly tolerant to any hypnotic egect which 
may be present Alternatively, 5 mg. of ampbetamine may be ad- 
ministered comcidently in toe morning and at mid-day for the first few 
days of treatment till the hjimotic egect of toe antihistamine wears ofi. 
Owing to the fact that antihistamines often produce soporific efects 
when they are first taken, the coincident use of hypnotics and sedatives 
should be prescribed with care. On the other hand, a curious sensation 
of tension, nenuusness and unreality is occasionally produced by anti- 
histamines. and these sensations may lead to insomnia rather than to 
sleepiness. 


As benadryl has a strong alropine-Iike action, it is not surprising 
that patients frequently complain of diy-ness of the mouth as the result 
of its use. Pyribenzamine. neoantergan and antistin may also produce 
this side egect, but less commonly and to a less extent Atropine and 
its congeners should not therefore, be prescribed along with these druas. 
though there is no contra-indication to the coincident use of sympatiTo- 
miraetic preparations. 


Other side egects have occasionally been noted as the resxdt of the 
therapeutic use of antihistamines, but they are rare and unimportant 


Therapeutic Uses. It might be anticipated that druss which antasohise 
histamine would have a wide range of therapeutic application *Their 
valuc in ueatment however, is actually somewhat limited to ’allerac 
conditions characterised by vascular reactions in toe skin and mucous 
membranes ^embhng the egects produced by the local application of 
histamine. Thus they^ may be claimed almost as specihes in cas“s nf 
acute and chronic urticaria or angioneurotic cedema. and in manv of 

such as pcmclhn. l.var extract and insulin. Tht iteliini of pmtitS 
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every property in some degree.” The common properties of all these 
drugs suggest that their site of action must be a similar one. 

Dosage and Administration. Antihistamine drugs are usually given 
by the mouth in tablets or capsules. Benadryl and pyribenzamine 
are prescribed in doses of 50 to 100 mg., with a maximum daily 
dose in the case of benadryl of 400 mg. and in the case of pyribenzamine 
of 600 mg. Neoantergan and antistin, being less toxic, can be given in 
bigger doses of 100 to 200 mg. with a maximum daily dose of 800 mg. 
Children tolerate the drugs well, and over the age of twelve can be given 
the adult dose, with appropriately smaller doses under that age. The 
drugs are quickly absorbed and fairly quickly excreted in the urine. The 
effect of a single dose does not last for more than six hours, so that in 
order to maintain a satisfactory concentration, dosage should be well 
spaced, the drug being given at least three times a day. In severe cases 
four doses should be administered — the last one as late as possible at night 
so as to “ cover ” the hours of sleep. The tablets or cachets should be 
swallowed whole and not chewed as they have an unpleasant taste, and if 
brought in contact with the mucous membrane of the mouth or pharynx 
will have a marked local anaesthetic effect. Neoantergan and antistin are 
not spasmolytics like benadryl, and their use may, indeed, produce in- 
creased motility of the alimentary tract in experimental animals. In 
consequence they may occasionally cause nausea if given on an empty 
stomach, and should, therefore, be taken after food. Tolerance to 
antihistamines does not seem to take place. 

Benadryl is procurable in a purified solution containing 10 mg. of 
the drug per ml. for intravenous use and its administration in this way 
has been recommended for anaphylactic emergencies, but otherwise the 
parenteral use of antihistamines is unnecessary and may, indeed, cause 
on occasion rather alarming symptoms of collapse. As might be ex- 
pected from the mode of action of antihistamines, no effect, apart from 
diminishing skin irritation, is produced on established lesions, which 
will subside spontaneously, though new lesions are prevented from 
occurring. Thus antihistamines, even if given intravenously, wjll have 
little effect on an established allergic emergency such as swelling of the 
tongue or oedema glottidis, for which adrenaline is the drug of choice. 

Antihistamines may be used in a suitable base for local application 
in some of the itching dermatoses, and may be applied locally to the 
nose in cases of allergic rhinorrhoea. For this latter purpose antistin 
is the most suitable preparation. 

Side Ejects . — ^No deaths or toxic effects leading to organic change have 
occurred as the result of the administration of antihistamines, even 
though they have been administered to some patients for years. Side 
’ effects are, however, very common, and in about 5 per cent, of cases may 
be sufficiently distressing to necessitate discontinuing their use. A full 
dose of benadryl or antistin will cause effects in about 50 per cent, of 
cases. Pyribenzamine and neoantergan are less toxic, 
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egeots in nbout 30 per cent, ot eases. The 

antergan, and to a less extent pynbeozamme, over benad^l lies m the 
fact 4at they are not only more active antihistamines milhgramme for 
miliisramme, but can be tolerated in larger doses and 
some patients for whom the necessarily smaller dose 
proved inegective. The great maionty of the side eg^ts of anti 
histamines only occur when the drugs are first administered and tend t 
wear ofi in a few days. 


The principal side efiect of all antihistamines, but particularly benadryl, 
is sleepiness, fatigue or dizziness. In some patients on first takmg the 
drug this hypnotic efiect may be very marked indeed, and may in a 
few cases persist even after they have been taking the drug for a long 
time. Patients should be warned about this effect before they are given 
antihistamines, and, until their reaction to the drug in this respect has 
been ascertained, should not take their first few doses before under- 
taking work requiring skilled iudgmcnt. It is wise also to start 
treatment with a small daily dose and gradually to increase it 
till the optimum effect has been obtained, as in this way the 
patient usually becomes quickly tolerant to any hypnotic effect which 
may be present. Alternatively, 5 mg. of amphetamine may be ad- 
ministered coincidently in the morning and at mid-day for the first few 
days of treatment till the hypnotic effect of the antihistamine wears off. 
Owing to the fact that antihistamines often produce soporific effects 
when they are first taken, the coincident use of hypnotics and sedatives 
should be prescribed with care. On the other hand, a curious sensation 
of tension, nervousness and unreality is occasionally produced by anti- 
histamines, and these sensations may lead to insomnia rather than to 
sleepiness. 


As benadryl has a strong atropine-like action, it is not surprising 
that patients frequently complain of dryness of the mouth as the result 
of its use. Pyribenzamine, neoantergan and antisUn may also produce 
this side effect, but less commonly and to a less extent. Atropine and 
its congeners should not, therefore, be prescribed along with these drugs, 
though there is no contra-indication to the coincident use of sympatho- 
mimetic preparations. 


Other side effects have occasionally been noted as the result of the 
therapeutic use of antihistamines, but they are rare and unimportant. 


Therapeutic It might be anticipated that drugs which antagonise 
histamine would have a wide range of therapeutic application. Their 
value m treatment, however, is actually somewhat limited to allergic 
conditions characterised by vascular reactions in the skin and mucous 
membranes r^cmbhng the effects produced by the local application of 

SiTinri cJaimed almost as specifics in cases of 

acute and chronic urticana or angioneurotic oedema, and in many of 

as penicillin, hver extract and insulin. The itching of pruriti 
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vulyae and ani is often greatly ameliorated by the use of antihistamines, 
while they either cure or very much alleviate some 75 per cent, of cases 
of hay fever and a somewhat smaller proportion of cases of perennial 
vasomotor rhinitis. 

The administration of histamine does not cause bronchospasm in 
healthy persons, but it has this effect in asthmatic subjects, just as it has 
in guinea-pigs, and this artificially produced bronchospasm can be pre- 
vented by antihistamine drugs. These observations do not prove that 
naturally occurring asthma is due to a simple release of histamine or 
that it can be prevented by antihistamine -drugs, but they encouraged 
the hope that such drugs might be of some value in the prevention and 
treatment of the condition. The results of their clinical trial in asthma 
are, however, extremely conflicting, and much of the work claiming 
antihistamines to be of value in the disorder is based on poorly con- 
trolled evidence. It is at any rate certain that the benefits to be derived 
from the use of antihistamines in asthma, if they exist, are in no way 
comparable to their value in the allergic reactions in the skin and mucous 
membranes mentioned above. 

It is almost certain that histamine is the natural stimulant of gastric 
secretion. It might be expected, therefore, that antihistamine drugs 
would be of value in the treatment of hyperchlorhydric dyspepsia and 
peptic ulcer. All clinical and experimental evidence unfortunately goes 
to show that they are of no practical use in these conditions and have 
no significant effect in modifying gastric secretion. The drugs have 
also been tried in a great variety of other allergic states with negative 
results. 

In summary, then, antihistamine drugs are of great value in super- 
ficial allergies, in the treatment and prevention of which they constitute 
a major therapeutic advance, but they are of little or no value in the 
treatment of the more deep-seated visceral allergies in the human subject. 
It may be that histamine does not play a part, or a predominant part, 
in the production of some of these visceral disorders and that this may 
account for the failure of antihistamines to influence their course favour- 
ably. We do know, however, that histamine does stimulate gastric 
secretion, and that in spite of this antihistamine drugs have no influence 
on this action of histamine. It may be, therefore, that in some visceral 
allergies histamine is released in such intimate contact with the effector 
cell that antihistamines are impotent to block its action. 
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Henry^, working in the Sudan, suggested that solutions of 4 : 4 diamid- 
inostilbene dihydrochloride (stilbamidine dihydrochloride), underwent 
a number of changes, including hydrolysis of the aimdine groups to the 
corresponding mono* and di-anudes, when kept in diffuse daylight. He 
isolated a substance shown by analysis to be 4-carbamyl-4'-amidino- 
stilbene hydrochloride. From kinetic considerations he deduced that a 
dimer of stilbamidine was also formed. The same author^ gave further 
experimental detrdls when this investigation had been completed. Fulton^ 
found by chemical methods that, in this country, l;2:3;4-tetra- 
(4'-amidinophenyl)-cycIobutane was the only productdormed on exposure 
of stilbamidine solutions to light. On account of our interest in this 
subject Drs. Henry and Kirk in 1947 kindly sent us some bottles of the 
old solutions of stflbamidine dihydrochloride prepared in the Sudan in 
1941 and 1942, in which we have confirmed the presence of 4-carbamyl- 
4'-amidinostilbene and have also obtained 4:4'*dicarbamylstilbene in 
pure form. The same substances have now been obtained by us from 
stilbamidine solutions kept at 37°C. for long periods or on autoclaving 
the solutions for a few hours. Oastler and Fidler® described cerebral 
lesions in dogs following intravenous administration of stilbamidine 
solutions which had been autoclaved for a short period. Sen Gupta® 
suggested that the drug had been affected by this treatment. From 
toxicity experiments with mice we have not obtained any evidence in 
support of the latter view. 


Expewmental 

Six bottles of 1 per cent, solution of stilbamidine dihydrochloride of 
approximately 100 ml. volume were received by us from the Sudan in 
September, 1947, with the information that they had been prepared in 
1941-42 and kept in the dark or in diffused daylight The contents (see 
Table I) were yellowsh in colour and large crystals^as well as some micro- 
crystalline material were present the latter being sometimes very adherent 
to glass. The two substances were readily separated by their different 
solubilities in water, in which the larger crystals dissolved. The soluble 
matcnal after several recrystallisations were shown by analysis to have 
the composition of 4-carbamyl-4'-amidinostiIbene monohydrochloride 

in solid dried at 

5'30; N, 13-85, 14-1; Q, 21-1; loss at 90'C. 10-45 
W-64 per cent CicH,cONia. requires C, 63-66; H 5-34- N 13-93- 
a. 11-76; H.O. in hydrated material 10-66 per cent.) S’e ^bs4ni 


It 
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crystallised in thin laths from v/ater, in which it is less soluble than stilb- 
amidine dihydrochloride and had no m.pt. up to 320°C. Its aqueous 
solution contained Cl' ions and rapidly decolorised aqueous bromine or 

TABLE 1 


Products present in old solutions of stilbamidine from the Sudan 


Number of 
sample 

pH of 

solution ^ 

Total 

solid 

Water-insoluble 

portion 



mg. 

mg. 


6*8 

590 

20U 

2 

6-4 

SOS 

57 

3 

6-2 

460 

30 

4 

6*4 

525 

33 

5 

6-2 

395 

40 

6 

6*4 

180 

1 

37 

Total 

2655 

397 


permanganate solutions. When mixed with ammonium nitrate in excess 
a yellowish somewhat insoluble nitrate was formed which crystallised in 
fine rods from water m.pt. around 290°C. as given by Henryk. The 
aqueous solutions of 4-carbamyl-4'-amidinostilbene hydrochloride and 
those of stilbamidine dihydrochloride showed a similar blue fluorescence 
and their absorption spectra were identical. The microcrystaUme 
material, which proved to be the diamide, was insoluble in common 
organic solvents but soluble to a limited extent in acetic acid and was 
somewhat more soluble in ethylene glycol, from which plates and fine 
rods were respectively obtained with no m.pt. up to 320°C. (Found: 
N, 10-7 per cent. CigHuOzNz requires N, 10-53 per cent.) 

The solutions fluoresced blue except number 6, which had a greenish 
tinge. Spectrophotometric analysis showed that samples 1 and 2 con- 
tained only saturated material, formed from the parent substance by the 
action of light, while sample 3 contained only the original matenal. In 
samples 4, 5 and 6 both substances were present. Deposits bad never 
been observed by us in this country from solutions of stUbamidine 
dihydrochloride kept for more than a year at laboratory temperatures, 
which did not exceed 20°C., in light or dark. A series of solutions 
was therefore subjected, in stoppered bottles, to different conditions of 
light and temperature and observed over a period of 6 months; the 
initial pH of the solutions was approximately 6-8 and did not alter 
appreciably during the experiment The results obtained are shown 
in Table II. 

The product was practically all monoamide, with only negligible traces 
of diamide, and formed crystals in some cases 2 cm. long. Temperature 
is apparently of importance in the reaction as no amides were formed at 
that of the laboratory. It also seems as if light exerted some influence 
since solutions kept in complete darkness yielded relatively very small 
amounts of amide. Good yields of both amides were obtained by 
autoclaving stilbamidine dihydrochloride solutions; this proved a rapid 
and convenient method of obtaining both products as shown in Table in. 
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HTOROLITIC changes in solutions of STE.BAMIDINE 

It appears Jrom Uie data lecoided Itydtolysis of the amidino 
Jups rstilbamidine is readily accomplished by heatmg solutious of 
Se Ihydrochloride under pressure. The amides are much less soluble 


TABLE n 


Results of keeping sho-u-odine solutioss at 37 ’ a for a period of 6 months 


>iarab«r of j 
sample i 

Solomons of 
dibj'drociiloride 

Coadidoas of 
keeping 

First 

2ppearaDCfc 
of deposit 

Percentage 

jidd 

1 

2 

lODmLof 1 perceal* 
50cd.Qfl », 

AtTTC^cxposedtodectric j 
light for snoit iniervaJs j 

8 

6 vre^s 

31 ' 

22 

i 

3 ' 

4 j 

5 

6 

IW raL of 1 „ 

lOOtnLofl „ 1 

lOainLofO-2 « 
isL of 1 ^ 

Cotsplete djiTtoess st 37° C> 

16 weeiis , 

17 vre^s 

8 v^^eks 

None 

5 

2*5 

M|| 



■1 

* 


than the parent substance and the yields recorded in the table represent 
the solid obtained on cooling the treated solutions- Because of the much 
greater solubility of the parent di*isethionate and resulting monoamide 
salt it is more satisfactory to start with the dihydrochloride. "When a 


TABLE m 

RESUXTS of AUTOCLINTNG solutions of SnLB.VFnDINE UNT>ER different CONOmOSS 


1 W taL of solciioa 


Tfoatnxat in aulodnve 


PerccntiEe vidd 


Nature 

Stteegth 

\teosphcres| Soars 



1 : 4' disrrddisDsUTbeae dCtj-dro- 
chloride 

i 1-0 per cent. 

1 10 „ 

10 „ 

1 0-5 

; I'Q _ 

[ 1-0 .. 

1 

u 

It ! 

1 U 

1 ^ 

i ! 

4 i 

•4 * 

None 
Truce 
, 40 

1 s 

None 

7 

5 

16 

11 

4 ; 4' diimidicosinbese di-isetb- 1 1*0 „ 

losate ’ 0*5 ^ 

j 10-0 „ 

i 

! 

It • •* 

H ■» 

U 1 2 

t 

1 rl 

1 

Trace 

Trace 

Trace 

4<irb3n!.\W<i3-.:diT;!Jstabe3S ... 1 1-0 

J 

t i ! 

1 = i - 

Tnre 


solution of the monoamide was treated under the above conditions 
conversion to the corresponding diamide took place only to a sliaht 
extent It was found by analysis and spectrophotometric measurements 
that the mono- and di- amides prepared by us in different wavs are 
Identical with the products formed in the Sudan. The absorption sp»ctra 
of these two substances are indistinguishable from that S the parent 
frunr-sulbamidine. The values obtained for the latter and the Lno- 
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amide in aqueous solution an'd of the diamide in acetic acid were as 
follows : 


A max e max 

4:4'-diamidmostilbene dihydrochloride 328 m;* 37,800 

4-carbamyl'4'-amidinostiIbene hydrochloride ... 328 m^t 38,200 

4;4'-dicarbamylstilbene 328 mju 40,000 (approx.) 


The value e for the diamide is only approximate on account of its 
extreme insolubility. The fact that its spectrum was observed in acetic 
acid does not invalidate comparison with the monoamide since the latter’s 
spectrum was unchanged in this solvent. The two groups > C = O and 
> C = NH thus appear to be chromophoricaUy identical. 

Various methods have been reported for the estimation of stilbamidine, 
for example fluorescence (Henry and Grindley’); colour reaction with 
glyoxal (Devine®), (Fuller®); spectrophotometric (Fulton and Goodwin^®); 
fluorophotometric (Saltzmatf^), None of these methods is entirely 
satisfactory. Wien and Hampton^®, using the fluorimetric and colori- 
metric methods to estimate excretion of stilbamidine in the urine of 
laboratory animals, found that the values obtained by the latter method 
were much higher than those obtained by measurement of fluorescence. 
In view of these results and the possession of similar optical properties by 
the monoamide and parent substance it seems unlikely that the former is 
a metabolic product of stilbamidine. Their toxicities as well as those of 
solutions of stilbamidine autoclaved at 51b. pressure for 20 minutes, as 
used by Oastler and Fidler®, have been compared in mice. The results 
are shown in Table IV. 


TABLE IV 

Toxicity of various substances for mice 
D — Died in less than 1 hour after injection 
P — Died within a few days of injection 
S — Survived observation period of 1 week 


! 

Drug 

1 

Nature of solution 

Efiect of doses (mg./20 g. 
intraperitoneally} 

mouse 

2-0 

1*0 

0-5 

4 : 4' diamidinostilbene ^ 
dibydrochloride 

Fresh 

6D / 

2P /lO 

2Sl 

lisA® 

5S/5 

1 

1 

Autoclaved at 5 lb. pressure 
for 20 minutes 

SD/S 

I5s/’® j 

5S/5 


Autoclaved at atmospheric 
pressure for 20 micutes 

5F/5 

liAo 

5S/5 

4-carbamyl-4'-aimdino- 

stilbene 

Fresh 

6D/6 


6S/6 


They indicate that 4-carbamyl-4'-amidinostilbene is more toxic than 
stilbamidine for mice and also that autoclaving of the latter solutions even 
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HYDROLYTIC CHANGES IN SOLUTIONS OF STILBAMIDINE 
at a pressure of 1 atmosphere has not led to significant increase m 

*^°^Mapeutic tests on mice infected with T. rhodesieme and 
T conzolense were carried out with 4-carbamyl-4'amidmostiibt&e bydr^ 
cUoride as shown in Table V. It was not popble to test 4:4 di- 
carbamylstiibene in the same way on account of its insolubility. 


TABLE V 


Results of treatmekt of trypanosome iNFEcrEP mice. 
R Blood free from trypanosomes, but relapse occurred. 
N Blood never free from trypanosomes. 
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Effect of doses (mgJ20 g. mouse 
intrapcntoneally) 


0-5 

0-25 

r. rhodtsiense 

] 

amitiiiio sulbCQC 
hydroeWondt 

1 

I 

1 

1 6N/6 

T. cpnsofeitse 
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It is evident that 4-carbamyl-4'-amidmostilbene is inactive therapeuti- 
cally in the above infections and the life of each mouse was prolong^ for 
only a short period. On the other band 4: 4'-diamidinostilbene is cniative 
at Wgh dilutions in the former infection, but requires a dose approaching 
the maximum tolerated (1 mg./ 20 g. mouse) to eradicate T. congolense 
infections. In order to find out the distribution of these drugs in 
trypanosomes exposed in vivo to their action, nse was made of their 
sii^ar fluorescent properties. For this purpose mice heavily infected with 
T. rhodesiettse and T. congolense were treated with a solution of 0‘5 mg. 
of each drug intraperitoneally and 1 hour later when the trypanosomes 
were still actively mofile, blood smears of treated and untreated aiumals 
were made on a quartz slide. The slide was mounted dry without cover 
glass on the Beck-Bamard ultra-violet microscope and the object was 
illuminated by means of a quartz dark ground illuminator using the group 
of lines of the magnesium spark spectrum at 2830A. Micrographs 
were taken using a Zeiss 4 mm. apochromat (N.A. 0-95) and a Zeiss No. 2 
projection (xular. The length of exposure was 2 minutes in each case. 
The correction collar on the objective was adjusted to give the best image 
at a magnification of X 150. The appearances produced arc those shown 
in Figures 1 to 6. 


In the case of both trypanosomes exposed to stilbamidine selecUvc 
absorption of the drug has occurred, as shown by the presence in them 

f T granule corresponds to that 

of the blcpbaroplast, but the nature of the other at the anterior end has 
not been detenmned The remainder of the cytoplasm does not fluoresce 
more bngbtly than that of untreated trypanosomes. There is absence of 
fluorescence m accompanying red cells which are not readily visible. The 
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inactive 4-carbaniyl-4'-aniidinostilbene appears to have been generally 
absorbed throughout the bodies of the trypanosomes as indicated by the 
increased brightness compared with that of parasites not exposed to the 
drug. ... ■ 

Summary and Conclusions 

The formation of 4-carbamyl-4'-amidinostilbene and 4:4'-dicarbamyl- 
stilbene from solutions of stilbamidine had been shown to occur 
when the latter were maintained for a number of weeks at 37°C., 
in diffuse light, and to a lesser extent when kept at the same temperature 
completely in the dark. When the same solutions were maintained at 
temperatures which varied from 5° to 20 °C. the formation of amides 
did not take place. Henry’s observations made in the Sudan have been 
confirmed. Good yields of the amides were obtained by autoclaving 
solutions of the parent substance at 1 to 2 atmospheres pressure for 
several hours. The monoamide was inactive against T. rhodesiense or 
T. congolense infections of mice and does not appear to be selectively 
absorbed by the trypanosomes like the active stilbamidine. The fact that 
solutions of stilbamidine autoclaved under the conditions employed by 
Oastler and Fidler undergo no demonstrable change and are not more 
toxic for mice than similar solutions freshly prepared, suggests that the 
lesions encountered by these authors in dogs were due to unchanged 
stilbamidine. 

Grateful acknowledgment is made to Mr. J. Smiles and Mr. F. V. Welch, 
of the National Institute for Medical Research, for the micrographs. 
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THE INHIBinON OF ADRENALEVE BY SPASMOLYTIC 

AGENTS 
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It has long been known thaP certain fibres in the autonomic nervous 
system which are classified on anatomical grounds as post-ganglionic 
sympathetic fibres are functionally cholinergic in nature. The effects of 
stimulation of such fibres are not reproduced by iniection of adrenaline, 
but ate potentiated by previous administration of eserine and are 
abolished by atropine sulphate. Bussel- has collected much evidence, 
from a review of earlier literature on the subject and from new experi- 
mentation, which supports the view that atropine has an inhibitory action 
upon the effects of stimulating post-ganglionic adrenergic sympathetic 
fibres and upon the actions of adrenaline itself. These investigations 
were carried out upon various preparations of portions of the vascular 
bed of animals and upon the contraction of the nictitating membrane 
in cats. It was found that in contrast to the behaviour of atropine, 
hyoscine hydrobromide did not modify the action of adrenaline on the 
vessels of the dog leg or on the nictitating membrane of the cat, or 
depress the level of the blood pressure in etherised cats in the doses 
administered. 

The present paper reports upon an action of adrenaline which is 
inhibited by relatively small doses of atropine sulphate. A comparison 
was made between the effects of atropine sulphate (r), J-hyoscine, 
f-hyoscyamine, /-homatropine, trasentin 6H and 2786 R.B. (neoantergan) 
upon adrenaline activity in the preparation described below. The effect 
of neoantergan on the action of adrenaline on the isolated uterus of 
pregnant rabbit, and on the isolated gut segment of rabbit and guinea- 
pig was investigated. The effect of neo-antergan, atropine and trasentin 
6H on adrenaline action on the blood pressure of spinal cats was also 
tested. In some cases comparison was made betu'een the effects of the 
spasmolytic agents on the actions of f-adrenaline (B-P.) and /-nor-adrena- 
line.’ 


Graham* showed that the isolated duodenum of the duck or drake 
contracts on addition of adrenaline to the fluid in which the strip of 
gut is suspended. The tissue is stiff and shows little spontaneous move- 
ment. The ileum of the drake and all parts of the intestine of fowls 
and pigeons show more activity and relax on addition of adrenaline. 
As Barsoum and Gaddum'" have shown, the rectal cscum of the fowl 
IS sensitive to adrenaline in a concentration of lO'". The bath in which 
the duck gut was suspended was kept at 3SX. and was of 100 ml 
volume. Drugs were added in solution in 0-5 ml. of saline solution. 
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The Action of Adrenaline on the Isolated Duodenum of the Drake 
AND Interference with it bv Spasmolytic Agents 

Adrenaline in a concentration of 2 x 10'® or more causes a transient 
but powerful contraction of the isolated duodenum of ducks. This con- 
traction is usually but not always followed by a period of relaxation 
which may or may not be accompanied by inhibition of spontaneous 
movement, so that the response to adrenaline may be purely motor* or 
biphasic (see Figure 2). In the three preparations tested the response to 
/-nor-adrenaline was purely motor. In the same concentration as 
/-adrenaline it produced a longer though less vigorous contraction of the 
gut. Acetylcholine also causes a contraction in this preparation, but 
is less potent in this respect than adrenaline. The effect of acetylcholine 
10*^ is roughly equal to that of adrenaline 2 x 10-®. Atropine sulphate 
in a concentration of 10'® abolishes or prevents the effect of the acetyl- 
choline while leaving the action of adrenaline but little modified. If, 
however, the concentration is raised 100 fold to lO*® the motor effect of 
adrenaline 2 x 10'® on the gut is prevented. This effect is shown in 
Figure f. 



12 3 4 I 2 


Fig. I. — A. Isolated duodenum of duck. At I. and 3. adrenaline 2 x lO'*' at 2. 
and 4. acetylcholine 10-'. Between 2. and 3. atropine sulphate 10-‘. B. Isolated 
rectal crecum of fowl. At 1. and 2. adrenaline lO’’. Between 1. and 2. atropine 
sulphate 2 x 10-‘. Time in 10 secs. 

The motor effect of adrenaline 10'^ is not inhibited by /-hyoscine or 
/-hyoscyamine 10‘®, but is reduced to about one half by /-homatropine 
10'® and is abolished by atropine and trasentin 6H in the same con- 
centration. The latter two compounds have a profoundly inhibitor effect 
on the tone and spontaneous movement of the gut in these high con- 
centrations, the former have not. In the rectal c^cum of the fowl the 
spontaneous movements are not inhibited by atropine (2 x 10'®) nor is 
the inhibitor action of adrenaline (10 ®) modified by atropine in this con- 
centration (see Figure 1). 

The antihistamine compounds have been shown to have varying 
potencies as spasmolytic agents against contraction of smooth muscle 
^used by acetylcholine, histamine and barium (Graham®), and in the 
course of that work some inhibition of the effect of adrenaline on the 
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compounds. Accordingly the eff^ f«or-adrenaline on duck 
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Fig. 2. — Isolated duodenum of duck. Al, biphasic response to l*adrenaline 10"'. 
A2. motor response to /-nor-adrenaline 10’’. B„ neoantergan 10'* injected at 
arrow J, inhibits the motor part of the biphasic response to /-adrenaline 10*' 
injected at arrow 2. B2, as in A2 but in the presence of neoantergan 10'’. C, effect 
of l-adrenaline 10 ’ 5 minutes after neoantergan 10'* had been washed out 
twice. Motor part of biphasic response only restored. D, as in Al and A2 after 
10 minutes washing out of neoantergan 10'^. Time in 10 secs. 

a biphasic response, that of /-nor-adrenaline to produce a motor re- 
sponse. Neoantergan in a concentration of 10'® abolished the motor 
part of the response to adrenaline and reduced the inhibitor part of the 
response; the response to /-nor-adrenaline was partially inhibited (see 
Figure 2B). A concentration of lO'® of neoantergan abolished the re- 
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sponse to either compound. The characteristic effect of both compounds 
could be restored alter repeated washings, but the motor part of the 
response to adrenaline returned before the inhibitor portion of the re- 
sponse (see Figure 2C). These reactions are illustrated in Figure 2. 

The Effect of Neoantergan (2768 r.p.) on the Response to 
Adrenaline of Isolated Gut of Rabbit and Guinea-pig, and Isolated 
Pregnant Uterus of Rabbit 

In view of the inhibition by neoantergan of the action of adrenaline 
on the duodenum of ducks a similar trial of its effect on the action of 
adrenaline on isolated rabbit duodenum and guinea-pig duodenum was 
made. As is well known, the movement of such specimens is regular 
and is inhibited by adrenaline (10'®). Preparations vary in the degree 
and duration of inhibition caused by this concentration of adrenaline. 
Neoantergan in a concentration of 10'® usuaUy caused the gut to relax 
and inhibited spontaneous movements; during this inhibition adrenaline 
caused no relaxation, but as the inhibition was already maximal no 
further effect could be expected. After repeated washings of the pre- 
paration the spontaneous contractions were small and frequent and the 
tone was high (Fig. 3F and 3H). Under these conditions in some pre- 
parations the action of adrenaline (10*®) was abolished or reversed (3F) 
for a variable time, but ultimately returned. In other preparations (3H) 
the action of adrenaline was not abolished. These variations were re- 
lated to the amount of neoantergan administered to the bath, the dura- 
tion of its action, and to the period allowed for recovery and the number 
of wash-outs given. Inhibition of adrenaline action was better seen 
with specimens of duodenum than, of ileum. 

Neoantergan in a concentration of 10*® occasionally caused immediate 
spasm of the muscle preparation which lasted for some 2 minutes and 
was followed by increased spontaneous activity (3B). Under these 
circumstances the dction of adrenaline could be tested in the presence of 
neoantergan (3B), when it was found to be less effective. After repeated 
washing the action of adrenaline was abolished (3C) and only partially 
restored after 10 washes at minute intervals (3D). Atropine, homatropine 
and trasentin had no effect on adrenaline inhibition of rabbit gut in low 
concentrations (10*®); higher concentrations diminished gut movement so 
that further action by adrenaline could not be tested. 

The isolated strip of pregnant uterus of rabbit responds to the addition 
of adrenaline (10*®) with a transient spasm (Fig. 4A). Neoantergan 
in a concentration of 10*® produces a prolonged increase in tone with 
frequent strong contractions superimposed upon it (4B). If adrenaline 
is added at the beginning or during the course of this period of increased 
tone caused by neoantergan the muscle is inhibited (4C and 4D). The 
action of adrenaline on this preparation is thus reversed by neoantergan 
in the concentration stated. Backman and Lundberg® have shown that 
atropine has a similar effect on rabbit uterus. 
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Fig. 3. — belated strips of rabbit duodenum. A. effect of adrenaline lO'*. B. effect 
of A, in presence of neoantergan 10 ' C. effect of A. after 5 changes of bath 
fluid at 1. minute interval. D. as in C. after 10 minutes interval. E. effect of 
adrenaline 10 * on a fresh strip of duodenum. F. reversal of adrenaline effect 
5 minutes after washing out neoantergan 10'“. G. effect of adrenaline 10'* on 
a fresh strip of duodenum. H. failure to modify action of adrenaline 5 minutes 
after neoantergan 10’’. Contrast with E. and F. Time in 10 secs. 

The Effect of Atropine, Hyoscine, Trasentin and Neoantergan on 
THE Action of Adrenaline on the Blood Pressure of Spinal Cats 

BusscF lUuslrates the fall in blood pressure in etherised cats which 
results from injection of atropine, and the inhibition of the response of 
the blood pressure to stimulation of^ the thoracic sympathetic chain 
and of the contraction of the nictitating membrane after administration 
of adrenaline to spinal cats, following upon injecUon of atropine. 

; actions. 
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In a series of spinal cats adrenaline and /-rtor-adrenaline were in- 
jected intravenously and the similar effects recorded. A comparison of 
the pressor effects of the two compounds on spinal cats indicated that 
/-«or-adrenaline has 165 per cent, of the pressor activity of /-adrenaline 
(B.P.) which agrees closely with the assay carried out by Tainter et al^ 
on dogs. It was found that injection of neoantergan 0-5 mg. /kg. caused 
a transient small rise in blood pressure and slightly potentiated the 



Fig. 4. — Isolated uterus of pregnant rabbit. A. motor effect of adrenaline 10'“. 
B._ prolonged motor effect of neoantergan 10‘‘. C. adrenaline lO"' added at arrow 
2 inhibits ^e spasm caused by neoantergan 10'“ added at arrow 1. D. the effect 
of adrenaline 10"' added at arrow 2 is reversed by previous addition of neo- 
antergan 10-^ at point 1. Time in 2 minutes intervals. 

action of these compounds (5B), while a dose of 4-0 mg. /kg. caused a 
transient fall in blood pressure and inhibited the action of these com- 
pounds. This effect was brief. 8-0 mg. /kg. caused a profound fall in 
blood pressure and further blocked the action of adrenaline and arterenol. 
Higher doses were too toxic to allow of further tests: benadryl and 
antistine® cause a sharp faU in the blood pressure of chloralosed cats 
into which they are injected intravenously in doses of I'O mg. /kg. 
Similar action has been cited by BusseP as evidence of anti-adrenaline 
activity by atropine sulphate. 

Trasentin 6H in a dose of PO mg./kg. slightly poteiitiates the pressor 
effect of adrenaline or /-arterenol, while 4-0 mg./kg. inhibits the response. 
Larger doses of trasentin 6H (8-0 mg./kg.) completely suppress the re- 
sponse to adrenaline and /-arterenol, but are toxic, and under such 
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conditions the failing heart and low blood pressure are incapable of 
responding to any stimulus. 

/-Hyoscine (bO^ mg. /kg.) slightly potentiates the effect of adrenaline 
and /-nor-adrenaline, but has no further effect in doses up to 8'0 mg. /kg. 
Atropine sulphate 1‘0 mg./kg. slightly potentiates the effect of /-adren- 
aline and /-nor-adrenaline, 4-0 mg./kg. has a stronger action, and 
20'0 mg./kg. almost abolishes the effegt of both compounds without 
undue toxic actions on the cardio-vascular system of the cats (51). 

In drakes anaesthetised with pentobarbitone solution injected into the 
breast muscles followed by inhalation of ether, the administration of 
atropine sulphate I’O mg./kg. intravenously causes a sharp transient 
fall in blood pressure of about 20 mm. Hg. This is similar to the effect 
seen in etherised cats and rabbits. Doses of lO'O mg./kg. of atropine 
do not inhibit the pressor effect of adrenaline 10 jug./kg. intravenously 
in this preparation. 


Discussion 

Much recent work has increased our knowledge of the close and 
complex relationships between the functions of the sympathetic and para- 
sympathetic nervous systems and the actions of acetylcholine and 
adrenaline and other compounds which modify their activity. The effect 
of such a substance on any organ is closely related to the dose ad- 
ministered. McDowalP and Elio*® have shown that small doses_ of 
acetylcholine may stimulate the heart; larger doses inhibit it. Acetyl- 
choline may potentiate the effect of adrenaline on the heart and blood 
vessels, and the opposite may occur in the central nervous system 
(Burn*®). Small doses of adrenaline lower the blood pressure, larger 
doses raise it. Many sympathomimetic compounds such as ephedrine, 
amphetamine, tyramine, cocaine and other local anaesthetics have a dif- 
ferent effect on the activity of adrenaline according to the concentration 
in which they are administered (Jang*®, Graham and Gurd*^). 

Sherif*® has shown that the hypogastric nerve to the uterus of the 
bitch is cholinergic in nature but is not paralysed by atropine, while 
Seeker*® has shown that salivary secretion in the dog following upon 
injection of adrenaline and sympathetic stimulation is inhibited by 
atropine. The inhibitory action of atropine on the effect of adrenaline 
on duck duodenum is moderately potent (atropine 10'® is effective), 
while the inhibitory action of transentin 6H and homatropine is less 
effective (lO’®) and /-hyoscine and /-hyoscyamine appear to be relatively 
ineffective. There is no apparent relation between the activity of these 
compounds in inhibiting the action of adrenaline on this preparation and 
their relative potencies in inhibiting the action of acetylcholine (Graham 
and Gunn**). No action could be shown of these spasmolytic com- 
pounds in preventing the inhibitor effects of adrenaline in isolated rabbit 
gut since in effective doses they are themselves powerful inhibitors of 
spontaneous movement in this preparation. While atropine and trasentin 
6H in doses of 1-0 mg./kg. produce a transient fall m blood pressure 
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in cats which have a good vascular tone and a high blood pressure (ether 
or chloralose anesthesia) it takes much greater quantities of these dn^s 
to inhibit the pressor effect of adrenaline in the spinal caL It may be 
therefore that the transient fall in blood pressure seen in etherised cate 
after atropine, trasentin, etc., I'O mg./kg. is a non-specific spasmoljlic 
effect on the arteriolar muscle in high tone rather than a sp^ific anti- 
adrenaline effect as Busse? suggests, but the clear diminution in the 
pressor response to stimulation of the thoracic sympathetic chain in 
spinal cats shown by that author and the great inhibition of the pressor 
response to injected adrenaline and nor-adrenaline illustrated in Figure 5 
of this report show that atropine exerts a blocking effect on the motor 
actions of adrenaline, as does trasentin 6H. BusseF attributes this 
blocking effect of atropine to its structural resemblance to cocaine which 
when present in low concentration competes with adrenaline for receptors 
on the enzymes which inactivate adrenaline and thus potentiates the 
effect of the latter, and in high concentrations competes with adrenaline 
for cell receptors and thus inhibits its action (MacGregor'®). In support 
of Bussel’s explanation of atropine in high concentration inhibiting 
adrenaline activity is the finding that doses of FO mg./kg. (1/20 of the 
adrenaline-inhibiting dose) increased the pressor response to adrenaline, 
as did 1-hyoscine, trasentin 6H and neoantergan. 


Neoantergan®’' inhibits spasm of smooth muscle caused by histamine, 
acetylcholine and barium. It also blocks the relaxation of some but 
not all smooth muscle caused by histamine. It appears from the experi- 
ments described that it not only inhibits the pressor effect of adrenaline 
on the vascular bed but reverses the motor effect on the uterus, and 
inhibits the relaxor effect of adrenaline on some preparations of gut. Its 
action in this respect differs from that of dibenamine'® which can reverse 
the motor response of rabbit uterus and the pressor response of the cat to 
administration of adrenaline, but does not affect the inhibitory action 
of adrenaline on gut. The properties of adrenolysis and sympatholysis 
are shown in varying degree by ergoF®, yohimbine®', 2-diethyl- 
aminoethyl-1 ; 4-benzdioxan (833F) and 2-piperidinomethyl-l : 4-benz- 
dioxan (933F), ephedrine, cocaine, atropine, trasentin 6H, neoantergan. 
priscol", etc. Of these compounds only priscol has been stated to show 
the property described for neoantergan of blocking the inhibitory action 
of adrenaline on some segments of rabbit gut. Ahlquist et aF-' do not 
consider this a specific effect of priscol because of the irregularity' of ap- 
pearance of the phenomenon. ^ 


Adrenaline may be written as R,.CHOH.CH.NH.R,. A similar ethvl- 
amme Cham may be visualised with vaiy'ing degrees of ease in all the 
adrenolytic compounds mentioned. 


In d'benaminc it appears thus ; — a.CH;.CH,.N(CH,.Ph),. 


in priscol; 



/ 


'NH-CH. 




N— CH. 


25 



J. D. P. GRAHAM 


in neoantergan (2786 RJP.) : — 

GHj 


>• 


CHjCH.pN. (Me), 


/ 


-in yohimbine®^ : - 




in atropine; — 

in trasentin 6H:- 
in 833 F: — 


\ 


A-Ov 

N I ] 
H ' etc • 


H,C — CH CH. 

CH.CO.O— 
H,C cIh CH, 

(Et),. N. CH,. CH, O. CO. (Ph), 




— CH,. CH„ N. (Et), 


and 933 F;- 


"O'- 


''O 


CH,. N 




The possession of a common element of structure would account for 
common properties on the basis of such a theory that propounded by 
MacGregor^® for the effect of cocaine on adrenaline action. 

That the effect of spasmolytic compounds in blocking adrenaline action 
is essentially similar to their effect in blocking /-wor-adrenaline is of in- 
terest in view of the suggestion of Euler®^, Bacq and Fischer^® and 
Gaddum and Goodwin^® that nor-adrenaline is sympathin. West-^ com- 
pared /-adrenaline and <//-«or-adrenaline, and found that both had a 
powerful inhibitory effect on isolated segments of rabbit gut. The same 
effects were found above with /-nor-adrenaline but in duck gut, in which 
/-adrenaline produces a biphasic response, /./zor-adrenaline is purely 
motor. 

Summary 

1. Isolated segments of duodenum from the duck react to the addi- 
tion of adrenaline by a biphasic response, contracting and relaxing. 
Atropine, trasentin 6H, homatropine and neoantergan (2786 R.P.) 
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abolish this contractile response. Hyoscine and hyoscyamine have no 
effect in concentrations of 10'^. 

2. Rabbit gut is inhibited by adrenaline and I-Twr-adrenaline. This 
action is abolished after neoantergan has been in contact with some 
segments of guL 

' 3 . Rabbit uterus contracts with adrenaline or neoantergan. In the 
presence of the latter the former inhibits movement of the uterus. 

3. The pressor response to adrenaline and /-/lor-adrenaline in spinal 
cats is inhibited by atropine, tcasentin and neoantergan in Iiigh doses 
(atropine sulphate 20-0 mg./kg.). 

4. Certain differences between /-adrenaline and /-nor-adrenaline are 
discussed. 

5. A tentative hypothesis is offered to account for the adrenolytic 
activity found in a wide variety of compounds. This is an extension 
of MacGregor’s well-known explanation for the reactions of cocaine and 
adrenaline, based on certain common structural features in the adrenolytic 
agents discussed. 

This work was done during the tenure of an I.C.I. Fellowship in 
Pharmacology. Expenses were defrayed by a grant from the Rankin 
Research Fund. I am indebted to Dr. M. L. Tainter, of the Stirling- 
Winthrop Research Institute, for the gift of i-nor-adrenaline. 
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Received October 8, 1948 

It has been reported that d amino-acids are present in the molecules 
of various antibiotic polypeptides such, as gramicidin^’^, tyrccidin’, 
^amicidin S^, aerosporm^ and bacitracin®. The penicillins on degrada- 
tion give D-penicillamine (^:j3-dimethylcysteine) and du Vigneaud and 
his collaborators^ have shown that an antibiot.c penicLlin may be 
synthesised from D-penicillamine, whereas the isomer from L-penicil- 
lamine is biologically inactive. 

Several workers have prepared substances containing d amino-acids 
for study as antibacterial agents. These substances either represented 
possible fragments of the ant.biotic molecules, or were of closely related 
structure. Harris and Work® prepared two open chain pentapeptides 
containing the five amino-acids of gramicidin S in the sequence suggested 
for the amino-acids in the antibiotic molecule®. In one of the penta- 
peptides the phenylalanine possessed the L configuration; in the other 
it had the D configuration as in the antibiotic. No significant difference 
in antibacterial action was found between the two pentapeptides. 
Fruton^® synthesised the diketopiperazine from D-leucyl-L-tryptophane 
because gramicidin had an unusually high content of these two amino- 
acids ; the compound possessed no antibacterial activity. D-leucine and 
D-valine have been isolated from gramicidin hydrolysates and Fling, 
Minard and Fox“ synthesised the prolyl derivatives of bath D- and 
L-valine and D- and L-leucine. Proline was chosen as the second com- 
ponent of the dipeptides because gramicidin contained no free amino 
groups. No antipodal specificity was observed in the growth inh.bitory 
actions of the dipeptides and a similar result was observed for the 
corresponding phthalyl derivatives. The four diastereoiscmeric leucyl- 
leucines were prepared by Fox, Kobayashi, Melvin and Minard^®, who 
considered D-leucyl-D-leucine of especial interest because of its relation- 
ship to D-valyl-D-valine, which had been isolated from part'al hydro- 
lysates of gramicidin. No appreciable activity was found in any of the 
dipeptides. Linnell and Smith’® synthesised DL-Nj3-hydroxyethylalanine 
which combined the essential structural features of both alanine, the 
simplest amino-acid exhibiting optical isomerism, and also ethanolamine 
which had been isolated from gramicidin hydrolysates. The racemic 
compound possessed no growth inhibitory properties. 

These results indicate that growth inhibitory properties are not con- 
comitant with the presence of d amino-acids in a molecule. The available 
evidence supports the opinion of Work” that antibiotics containing D 
amino-acids are active, not because they have this character in common, 
but rather in virtue of their individual structures, of which the d amino- 
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acid must be regarded as an integral structural part. The toxicity of 
these antibiotics may be due to the possession of cyclic structures, such 
as have been suggested for gramicidin S and tyrocidm^S or to some 
hitherto undiscovered features of the molecules. The mere presence 
of a D amino-acid in a molecule does not seem to be sufficient for the 
production of antibacterial properties in that molecule and some other 
structural feature or features appear to be necessary. An illustration 
of this consideration is the contrast between the thiazolidine-^-lactam 
system of the penicillins and the structure of D-penicillamine wh.ch has 
no antibacterial properties. 

It therefore appeared of interest to prepare the optical isomers of a 
substance which combined the structures of an amino-acid and an 
established antibacterial nucleus. Comparison of the ant bacterial 
activities of the two isomers would afford information relating to the 
importance of configuration of the amino-acid residue in such com- 
pounds. 5-Aminoacridin6 was chosen as the antibacterial nucleus and 
the compound DL-acridyl(5)-N.alanine was prepared in 96 per cent, 
yield, as a yellow powder, m.pt., by the condensation of 5- 

chloracridine with DL-alanine in phenol solution. 


CH, 

1 

NHCHCOOH 

1 


Bacteriological testing of this compound was not possible because of 
its insolubility and the instability of its salts in aqueous media. A 
similar result had been reported for acridyl(5)->5 .glycine by Dupre 
and Robinson”. Esterification with ethyl alcohol in the presence of 
dry hydrochloric acid gas gave an 80 per cent, yield of the racemic 
ethyl ester as small yellow prisms, m.pt. 75°C. The ester gave well 
defined crystalline compounds with picric and picrolonic acids and its 
diacetate and monohydrochloride were quite stable in aqueous solutions. 
A OT per cent, aqueous solution of the diacetate possessed growth 
inhibitory activity against Staphylococcus aureus and Streptococcus 
pyogenes. 



The racemic ester was resolved by the use of (-j-) tartaric acid Hot 
absolute alcoholic solutions, containing equivalent quantities of the ester 
and { + ) tartaric acid, on mixing gave an 87 per cent yield of the 
racemic ester (+) tartrate. This salt was a deep yellow powder, m pt.. 

alcohol (80 per cent.) gave the (-{-) ester (+) tartrate as Ion- yellow 

needles, m.pt., US'" C. I>0 a° + 54-5° (water c — c ^ ■ 

M f (.water, c = 4-0). Evaporation 

of the mother liouors and ren.-ated crystallisation of th^ r. 
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compound in 10 ml. of alcohol. Yellow powder. Yield: 0-25 g. m.pt., 
194°C. Found: C. 550; H. 4-07; N. 130 per cent. Q.HjiNA 
requires C, 55-1 ; H. 4-0 ; N. 13-37 per cent. 

(d) Styphnate . — ^Light yellow powder. Yield: 0-2 g. m.pt., 178°C. 
Found C, 53-1 ; H, 3-8 ; N, 13-2 per cent. Cs^HaiNsOio requires C, 53-4 ; 
H, 3-9 ; N, 13-0 per cent. 

(e) Picrolonate . — ^Yellow powder. Yield: 0-25 g. m.pt., 227°C. (de- 
composed). Found: C. 59-4; H, 4-5; N. 14-2 per cent. 

requires C, 57-5; H, 4-6; N. 14-9 per cent. 

4. Resolution of Dh'Acridyl(5)-N .alanine ethyl ester. 

(a) pL-Acridyl(5)-N.alanine ethyl ester (-f) tartrate . — 8 g. of the 
racemic ester and 4 g. of (4-) tartaric acid were dissolved in 100 ml. of 
hot absolute alcohol. On cooling small yellow crystals appeared. Yield : 
10-5 g. (87 per cent.), m.pt., 165°C. (decomposes with , effervescence), 
[a] -f 1 8 ° (4 per cent, solution in distilled water). Found : C, 
57-7 ; H, 5-65 ; N. 6-2 per cent. ; C?2H24N208 requires C, 59-4 ; H, 5-4 ; 
N, 6-3 per cent. The optical rotation and melting-point remained un- 
changed after several recrystallisations from alcohol, but as the substance 
was easily soluble in water, fractional recrystallisation was attempted 
from a series of aqueous alcohols. It was found that alcohol (80 per cent.) 
caused the preferential separation of the (-I-) ester (-)-) tartrate. 

(b) (4-) Acridyl(S)-N. alanine ethyl ester (-f) tartrate. — 20 g. of the 

racemic ester (+) tartrate were dissolved in 400 ml. of hot aqueous 
alcohol (80 per cent.). Long yellow needle crystals slowly formed and 
these were filtered after 48 hours’ standing. Yield: 7-1 g. m.pt., 118°C. 
[“] -f- 54-5° (4 per cent, solution in distilled water). The melting- 

point and optical rotation remained constant after several recrystallisa- 
tions from the same solvent and it was considered that this material 
was the (-f ) ester (-f ) tartrate. 

(c) (-t-) Acridyl(5)-N. alanine ethyl ester . — 2 g. of the (-f-) tartrate 

salt were dissolved in 50 ml. of distilled water, 30 ml. of benzene was 
added and then 1 per cent, aqueous ammonia drop by drop. After 
each addition of the ammonia the yellow precipitate formed was shaken 
into the benzene. When no further precipitation occurred the benzene 
layer was separated and dried for 24 hours over anhydrous sodium 
sulphate. Removal of the solvent under reduced pressure left a yellow 
viscous oily residue. Yield: 1-05 solution 

in alcohol (96 per cent.). Found : C, 74-4 ; H, 6-5 ; N, 9-02 per cent. 
CisHisNoOi requires C, 73-4 ; H, 6-12 ; N, 9-5 per cent. The (+) ester 
gave a crystalline picrate, m.pt., 175°C. (m.pt. of racemic ester picrate, 
194°C.) Found: C, 54-5; H. 3-65; N, 13-3; C24H21N5O8 requires 
C, 55-1 ; H, 4-0 ; N, 13-37 per cent. 

The use of chloroform instead of benzene in the preparation caused 
complete racemisation of the ester. 

(d) (-) Acridyl(5)-N. alanine ethyl ester (-f) tartrate. — ^The mother 
liquid from the crystallisation of the (-f ) ester (-t-) tartrate was allowed 
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to remain at room temperatuie for a further 48 hours and 1-5 g. of a 
yeilow porvder, m.pt.. Ill ■ to 113”C., W 2 + 30-5% was obtained 

by filtration. The solvent was removed from the filtrate and the yeUow 
'viscous residue repeatedly crystallised from absolute alcohol until a 
constant value for the optical rotation was obtained. The material 
formed a yellow powder which did not possess a sharp melting-point, 

the substance softened gradually from 80° C. onwards, [a] 20 - - 19-5 


(4 per cent, solution in distilled water.) 

(e) (-) Acridyl{5}-N. alanine ethyl ester . — ^This was isolated from 
the ( - ) ester (+) tartrate by a similar procedure to that used for the (+) 
ester. It was a yellow viscous oil, [a] 20°^ - 122° (2 per cent, solution 
in alcohol (96 per cent.)). 
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PALTHE SENNA AS AN ADULTERANT OF INDIAN SENNA 

LEAVES 

By J. L. Forsdike 
R eceived September 27, 1948 

During recent months, a considerable quantity of Indian senna leaves 
adulterated with a foreign leaf has been offered for sale in this country. 
This adulteration has ranged from 5 to 10 per cent, in better quality leaves 
to upwards of 90 per cent, in some cheaper samples. The adulterant has 
been identified, by comparison with authentic specimens from the 
Herbarium of the Pharmaceutical Society of Great Britain, as the leaf of 
Cassia auriculata Linn., commonly known as Palthe Senna. The sub- 
stitution of this leaf for senna has been previously reported^, a colour 
reaction for its detection has been suggested by Vamossy- and some 
description of the leaves is given in Thoms’ Handbuch^ and by Wasicky^ 
However, since this adulteration appears to.be occurring on a somewhat 
extensive scale, it was thought that some more detailed investigation, 
particularly of the anatomy of Palthe senna might be of value. 


Material 

The following description is based on leaflets taken from two sheets in 
the Herbarium of the Pharmaceutical Society of Great Britain marked ; — 

(1) Cassia auriculata, Deccan. Dr. T. Cooke 

(2) Cassia auriculata, January, 1888. Rajputana. Coll. J. G. Prebble, 

and on leaflets picked out from nine commercial samples, offered for sale 
as Tirmevelly senna. 

Macroscopical Characters 

The leaflets are oblong or obovate and generally smaller than those of 
genuine senna, being 8 to 30 mm. long and 4 to 15 mm. wide, yellowish 
to greyish-green, sometimes with a purple tinge; they are thin and brittle; 
the margin is entire; the apex blunt and mucronate and the base unequal, 
with a very short stalk (Fig. 1, A.). Both surfaces of the leaf bear 
numerous hairs, visible under a hand lens; the veins are more prominent 
on the under surface. 

Microscopical Characters 


Upper Epidermis. Polygonal prisms, with nearly straight anticlinal 
walls and a thin cuticle; many cells containing mucilage attached to the 
inner periclinal wall; this mucilage staining with ruthenimn red. (Fig. 1, B, 
epi', C.) Stomata, 100 to 200 per sq. mm., sunk below the general 
epidermal level, rubiaceous, commonly having one subsidiary cell much 
larger than the other. (Fig. 1, B, C, st.) Trichomes 130 to 240 to 650 
to 830 microns long and 14 to 22 microns wide, conical, unicellular, 
thick-walled, with a pointed apex and only very slightly warty cuticle. 
(Fig. 1, B, D, t.) 

Lower Epidermis. Similar to the upper, except that the cells are 
generally rather smaller, the anticlinal walls are sometimes slightly wavy 
and the stomata are more numerous, 130 to 260 per sq. mm. (Fig. 1, B, 
ep2 : D.). 
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M^cnnhvll Dorsivciitral the palisade on the upper surface consists 

of wo layers of cells, the cells of the upper lay« tog 

to ten times as long as they are wide. (Fig. 1, B, pi, p-j ine spongy 

raesopbyU consists of 3 to 4 layers of cells the 

often slightly elongated at right angles to the epidermis. (Fi-. 1, , ■) 



Fig, 1. Cassia aunculala.—A, whole leaflets, natural size; B, transverse section 
of lamina; C, upper epidermis, surface view; D, lower epidermis, surface view 
c, cuticle; cp„ upper epidermis; ep;, lower epidermis; m, mucilage;’ p upper layer 
of palisade; p., lower layer of paUsadc; .x, xylem; ph, phloem; f, fibr«; ss crystal 
sheath; s, spongy mesophyll; st, stomata; t, trichomes; v, veinlet All x 150 

except A. 

Cluster cri'stals of calcium oxalate, 6 to 8 to IS to 20 microns in diameter 
occur, but are not common, being usually found along the main veins 
and most frequent in the neighbourhood of the midrib. Both layers of 
palisade arc continuous over the midrib, 

Siclar Tissues. The midrib consists of a radiate xylem, containing 

35 




J. L. FORSDIKE 


annular, reticulate and pitted vessels, below which are groups of sieve 
tissue. There is an arc of pericyclic fibres below the phloem and a 
group of fibres above the xylem. The fibres are surrounded by a sheath 
of cells, each containing a single prism of calcium oxalate, 7 to 10 to 20 
to 24 microns long by 4 to 5 to 8 to 10 microns wide. Both xylem vessels 
and fibres have lignified walls. The midrib projects slightly on the under 
side of the leaf, the projection being filled with coUenchyma. 

The large veins form a network and are accompanied by a complete 
crystal sheath, sunilar to that described for the midrib. In the smaller 
veinlets the complete sheath is lacking, but occasional prisms of calcium 
oxalate are found along these veinlets. (Fig. 1, B, v.) 

Quantitative Data 

Stomatal Index. The stomatal indices of Palthe senna and of the 
official sennas are: — 

Cassia auriculata 7-1 to 9 0 to 13-0 to 14-5 

Cassia acutifolia 8T to 10-0 to 14-0 to 15-5 (Rowson®) 

Cassia angustifolia 15-6 to 16-0 to 21-5 to 22-7 (Rowson®). 

The stomatal index will thus serve to distinguish Palthe senna from 
Indian senna, but not from Alexandrian senna. 

Vein-islet Number. The vein-islets numbers of the three sennas are : — 
Cassia auriculata 18 to 26. 

Cassia acutofolia 25 to 20 (Wallis®) 

Cassia angustifolia 20 to 23 (Wallis®). 

This feature is thus available to distinguish C. auriculata from 
Alexandrian senna, but will not give a distinction from Tinnevelly senna. 

Palisade Ratio. The palisade ratio of Cassia auriculata was deter- 
mined under the same conditions as those used by George* for genuine 
senna. The results are: — 

Cassia auriculata 2-5 to 4-5 to 8-0 

Cassia acutifolia 3-5 to 8 0 to 18*0 (George’) 

Cassia angustifolia 2-5 to 5-6 to 12-0 (George'). 

George reports that an average of 20 determinations on Alexan- 
drian senna will give a result of over 7'5. On Palthe senna an average of 
20 determinations may be expected to give a result of less than 6-0, so 
that palisade ratio determinations serve as a ready means of distinguishing 
these two species. The values obtained for C. auriculata and C. angusti- 
folia are, however, too close for palisade ratios to be of much value in 
differentiating between these species. 

Colour Reactions 

Sulphuric Acid (80 per cent. vfv). As first reported by Vamossy^. Palthe 
senna leaves give a crimson colour with 80 per cent, v/v sulphuric acid. 
This test may be carried out by sprinkling the broken leaves, or powder, 
on to the surface of the acid in a test-tube. When examining powdered 
senna for possible adulteration with Palthe senna, the test is best earned 
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out by mounting tbe powder in 80 per cent, v/v sulphuric acid and 
examinihg microscopically. Treated in this way. particles 'of Palthe senna 
show a brilhant crimson colour and 2 per cent., or less, of this leaf may be 

detected in admixture with genuine senna. 

Chloral Hydrate. Heating Palthe senna leaves, whole or m powder, 
with solution of chloral hydrate (5 in 2), in a boiling water-bath also 
results in a crimson colour, changing to brownish-red on longer heating. 

Borntrdgefs Reaction. Palthe senna leaves give no rose-red colour 
with Bomtrager’s reaction, either direct or after hydrolysis by boiling 
with dilute sulphuric acid. It was concluded from this that the leaves 
contain no anthraquinone derivatives; a fact which is confirmed by 
WasickyL It should be noted, however, that Maurin® reported finding 
0-7 per cent, of oxymethylanthraquinones in the leaves of C. auriciilata 
and T9 per cent, in the stem bark. 


Summary 

The principal characters which serve to differentiate Palthe senna from 
the offidal sennas, particularly in the broken or powdered condition, 
are; — 

1. The trichomes, which are about three times as long as those of 
genuine senna and lack a conspicuously warty cuticle. 

2. The presence of two layers of palisade cells on the upper side of 
the leaf and none on the lower. 

3. The cluster crystals being usually along the main veins, whereas 
the clusters of genuine senna are not found in the neighbourhood of the 
veins. 

4. The presence of occasional prisms of calcium oxalate on the smaller 
veinlets, where they are lacking in the official sennas. 

5. The palisade ratio, stomatal index and vein-islet number. 

6. The colours produced by 80 per cent, v/v sulphuric acid and 
chloral hydrate. 

7. The absence of anthraquinone derivatives, resulting in the leaf 
giving a negative result with Bomtrager’s reaction. 

I wish to thank Dr. T. E. Wallis, the Curator of the Pharmaceutical 
Society’s Museum, for the supply of authentic material and also for calling 
my attention to some of the literature cited. I am indebted to the Direc" 
tors of Boots Pure Drug Company, Ltd., in whose Analytical Laboratories 
the work was carried out, for permission to publish this paper. 
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ABSTRACTS OF PAPERS PUBLISHED IN 
OTHER JOURNALS 

CHEMISTRY 

ALKALOIDS 

Conessine, Constitution of. R. D. Hayworth, J. McKenna and 
N. Singh. (Nature, 1948, 162, 22.) Careful fractionation of the selenium 
dehydrogenation products of the hydrocarbon mixture C-iHjo, from pyrolysis 
of conessine dihydriodide, yielded a crystalline hydrocarbon C„ H„, m.pt. 
78° to 79°C., which showed many similarities with synthetic S-ethylcyc/u- 
pentenophenanthrene (I), m.pt. 84-5° to 85-5°C., although the identity was 
not convincingly established. 



Degradation of conessine by the Hofmann and Emde processes gave a 
hydrocarbon C-iHso which on reduction yielded approximately equal 
amounts of two isomeric hydrocarbons C-iii,, m.pt. 56° to 58 °C. and 
83° to 84°C. The latter isomer is identical chemically and physically with 
fll/opregnane (II) prepared from progesterone. The carbon atoms of 
conessine are therefore accounted for by the «/(opregnane structure (II) and 
the three N-methyl groups, but the positions of the ethylenic linkage and 
the points of attachment of the basic centres are stiU uncertain. R. e. s. 

lodosalicylates of Alkaloids. M. C o v e 1 1 o and A. C a p o n e. (Ann. Chim. 
appL, Roma, 1948, 38, 123.) 3-Iodosalicyllc acid and 5-iodosalicyIic acid were 
compared with picric acid and styphnic acid as reagents for the detection of 
alkaloids. In general the solubilities of the salts are greater than those of the 
corresponding picrates and styphnates, that is, the reaction is less delicate. Pilo- 
carpine did not precipitate in 10 per cent, solution and codeine only in solutions 
stronger than 0-7 per cent; these salts maybe useful for hypodermic use. 
The 3-iodosalicylates of brucine (m.pt. 224°C. decomp.), quinine (m.pt. neutral 
164° to 164-5°C., basic 156°C. decomp.) cinchonine (m.pt. 167-5° to 168°C.) 
morphine (m.pt. 194° to 194-5°C. decomp.) and strychnine (decomposes at a bout 
192°C.) were prepared and illustrations of the microscopic appearance of the 
crystals, which may be useful for identification of the alkaloids, are given. 

H. D. 

ANALYTICAL 

Adrenaline, Determination of, with Iodine. J. E h r 1 e n. (Farm. Revy, 
1948, 47, 321.) The photometric determination is usually carried out at pH 
4 to 7. At a higher pH the colour rapidly fades owing to further oxidation; 
at a lower pH the colour development is very slow. By using oxidising agents 
such as potassium ferricyanide, adrenochrome is produced %vith an absorption 
maximum at 485 m/i. With iodine, however, a mixture of adrenochrome and 
iodoadrenochrome is obtained and the absorption maximum may be anywhere 
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between 485 and 525 The more acid the solution, the ^eater 
^rtion of iodoadrenochrome. The mixed colour has sometim^ l^n 
LcorrecUy as a variation of colour with the pH. In the 
carried out at pH 4-8, the adrenaline is converted almost quanritatively mto 
iodoadrenochrome. Other oxidising agents simply the cou^ 
potassium ferricyanide is very suitable. At pH 6 the o^^tion ^ 

fairly high and nearly quantitative, corresponding to a calculated molar e 
tinction coefficient of 4250 at 485 The reaction of the solution is ffien 
adjusted to pH 3 to 4, when the adrenochrome is veiy stable. An advratege 
of this method is that, in presence of procaine, no precipitate is formed. When 
iodine is used, the extinction cuives for adrenochrome and iodoadrenochrome 
cut one another at 525 me. and at this point the result is independent of the 
proportions of the two compounds formed. tJ. M. 


Adrenaline, Flnorimetric Determination of. J. E h r 1 e n . (Farm Revy ., 
1948, 47, 242.) The method, which is applied particularly to procaine solutions, 
is a deielopment of that recently published by the author, and the fluor^cence 
is now measured photometrically, using a filter (maximum transmission at 
405 raji; cut-off at 480 mp) in the incident light, and another filter (not trans- 
mitting below 500 mfi) between the sample and the photo cell. The fluorescence 
results from atmospheric oxidation in alkaline solution, but is rapidly destroyed 
by further oxidation. It is suggested that the fluorescent compound is I-methyl- 
3:5; 6-trihydroxyindol, formed directly from adrenochrome. Under the con- 
ditions given by the author, the oxidation of adrenaline to adrenochrome is 
quantitative, and in the next stage the addition of a reducing agent prevents 
the further oxidation of the fluorescent compound during the assay. Details 
are as follows. A sample containing 3 to 30 pg. of adrenaline and 10 to 50 mg. 
of procaine is diluted with water to 3 ml. and mixed with OT ml. of O.IM 
hydrochloric acid and 0-5 ml. of 0T5M (2 per cent.) sodium acetate solution. 
To this is added 1-0 ml. of a 0-5 per cent, solution of potassium ferricyanide. 
After two minutes the mixture is made up to 25 mL with a mixture of 5 ml. of 
5M sodium hydroxide, 5 ml. of alcohol (95 per cent.), 10 ml. of w-ater, and 0-5 ml. 
of a 5 per cent, solution of ascorbic acid. The solution is transferred to a 
sample holder, and the fluorescence is read off after 15 minutes. A blank 
on the reagents is also done. The standardisation should be carried out on 
solutions and under conditions similar to those of the assay. G. m. 


Alk\I Nitrates, Determination of, in Pharmacentical Preparations. P.Lund- 
g r c n and T. C a n b a C k. (Srensk farm. Tidskr., 1948, 52, 298, 313, 333.) 
Although the phenoldisulphonic acid method of determination of nitrates is 
in general satisfactory', it has certain linutations. In particular it is not suited 
for the determination of alkyl nitrates in oil solutions or in ointments. These 
limitations do not apply to /n-xylenol-(4-hydroxy’-l ; 3-dimethylbenzene), which 
IS nitrated to o-nitroxyIenol(5-nitro-4-hydroxy-I : 3-dimethylben2ene). A 
photometric determination of the dissociation constant of the nitro compound 
showed that it had a %aluc forpk* of 7-98 ±0-04. This indicates that to develop 
the full colour the pH of the solution must be not less than 1 1 . The absorption 
CTrxe has two j^ks, at 268-5 and 396 m(i. A detailed examination of the re- 
determination of glyceryl trinitrate, mannityl hexa- 
nitratc. sorbityl dinitratc, and pentacrythrityl tetranitrate showed that these 
comfwunds wxrc quantitatively hydrolysed under the conditions chosen The 
«>-xyIcnol ga\e an 82 per cent, ricld of the nitro compound 
»nd <h. of ,U by dUtiilalta 95™ 
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an accurate analysis may be obtained by using a standard curve prepared 
from potassium nitrate. For tablets it is necessary to adjust the quantities 
according to the following table. 


Substance 

i 

Wt. per tablet 

; a mg. 

1 , 

b ml. 1 


, 

d ml. 

1 e mg. 

Solvent 

Glyceryl 

0-00025— 0-001 

I 1-5—4 

iO 

i 50-0 

5-00 

! 0-15—0-40 

ether 

trinitrate i 








Mannityl 

0-005 — 0-OlS 

, 7-5-20 

20 

100-0 

2-00 

i 0-15—0-40 1 

ether 

hexanitrate | 





1 

! 


'Pentaerythrityl 

0-030 ‘ 

15—40 

20 

1 lOO-O 

1 1-00 

1 0-15—0-40 

acetone 

tetramtrate 








Sorbityl 

dinitrate 

0 002— O-OIO 

1 

6—15 

10 ! 

! 

50-0 j 

2-00 1 

0-25—0-60 j 

ether 


A weight of powdered tablets corresponding to a mg. of alkyl nitrate is ex- 
tracted with b ml. of solvent for some minutes, and the solution is decanted 
through a filter paper, the extraction being continued with three more quantities 
of solvent, and the combined solution is made up to c ml. An aliquot of d ml. 
(corresponding to e mg. of alkyl nitrate) is transferred to a 250-ml. beaker, 
evaporated in a current of cold air, and treated with 1 -0 ml. of a 2 per cent, 
solution of /«-xylenol in acetone and 10-0 ml. of 72 per cent, sulphuric acid. 
The beaker is covered and left for 30 minutes, after which time the reaction 
is stopped by adding 50 ml. of water. The naixture is then distilled into a 
cylinder containing 5 rnl. of N/l sodium hydroxide, the distillation being 
carried out slowly, taking in all about 5 to 8 minutes, and stopped when 15 ml. 
have distilled over. The product is made up to 50 ml. and the extinction 
determined at 447 m/i. The percentage of nitrate is determined from a standard 
curve obtained with potassium nitrate. If necessary, the ether solution may be 
washed with sodium sulphate solution before the hydrolysis to remove inter- 
fering substances. In the case of sorbityl dinitrate, white flecks may appear 
in the receiver and it is necessary to filter the solution before making up to 
volume. For ointments the method is similar, but it is necessary to agitate 
the mixture from time to time during the hydrolysis. Ointment bases such as 
soft paraffin or lanoline do not interfere. G. m. 

Bismuth, A New Reaction of. M. Jean. {C.R. Acad. ScL, Paris, 1948, 
226, 85.) To 1 ml. of a slightly acid solution of bismuth nitrate (containing 
about 0-2 mg. of bismuth) is added 10 ml. of a solution containing 0-32 g. of 
rubianic acid and 6-5 g. of silicotungstic acid per 1. A white turbidity is pro- 
duced. On heating for 10 minutes in a water-bath a brovm colotir appe^, 
proportional to the amount of bismuth. The optimum acidity for the reaction 
corresponds to 0-lN nitric acid ; the limits being from 2N to pH3. A distinct 
reaction is obtained with 20 jtg. of bismuth at a dilution of 1 in 100,000. 
ferencc is produced by metals which react with rubianic acid (copper, nickel, 
cobalt, ruthenium and platinum) or with silicotungstic acid (caesium), also by 
silver, mercury, zinc, cadmium and antimony. Chlorides weaken the reaction, 
acetates and tartrates prevent it. The reaction may be used for colorimetric 
determination. 

Calcium and Magnesium, in Solutions for Hypodermic and Intravenous Ure, 
Determination of. R. V i g n i. iAim. Chim. appL, Roma, 1948, 38, 133.) Solu- 
tions of calcium and magnesium thiosulphates are used parenteraUy. To 
determine the amounts of the bases present iii these solutions, the calcium is 
precipitated by adding a large excess of ammonium chloride, heating to boitog, 
making alkaline with ammonia and adding ammonium oxalate; the precipitate 
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an accurate analysis may be obtained by using a standard curve prepared 
from potassium nitrate. For tablets it is necessary to adjust the quantities 
according to the following table. 


Substance 

I 

j Wt. per tablet 

j a mg. 

b ml. 

c ml. 

d ml. 

1 e mg. 

Solvent 

Glyceryl 

0'00025— 0 001 

1-5—4 

10 i 

50-0 

5-00 

0-15—0-40 

ether 

trinitrate 



1 


Manmtyl 

0-005 —0-015 ! 

7-5—20 

20 j 

100-0 

2-00 

0-15—0-40 

ether 

Pentaerythrityl 

0-030 ' 

15—40 

20 1 

100-0 

1-00 

0-15—0-40 

acetone 

letranitrate 



' 


Sorbityl 

dinitrate 

0-002—0-010 

1 

6—15 

10 i 

1 

50-0 

2-00 

1 

0-25— 0*60 

ether 


A weight of powdered tablets corresponding to a mg. of alkyl nitrate is ex- 
tracted with b ml. of solvent for some minutes, and the solution is decanted 
through a filter ‘paper, the extraction being continued with three more quantities 
of solvent, and the combined solution is made up to c ml. An aliquot of d ml. 
(corresponding to e mg. of alkyl nitrate) is transferred to a 250-ml. beaker, 
evaporated in a current of cold air, and treated with 1 -0 ml. of a 2 per cent, 
solution of »z-xy]enol in acetone and 10-0 ml. of 72 per cent, sulphuric acid. 
The beaker is covered and left for 30 minutes, after which time the reaction 
is stopped by adding 50 ml. of water. The mixture is then distilled into a 
cylinder containing 5 ml. of N/1 sodium hydroxide, the distillation being 
carried out slowly, taking in all about 5 to 8 minutes, and stopped when 15 ml. 
have distilled over. The product is made up to 50 ml. and the extinction 
determined at 447 m/i. The percentage of nitrate is determined from a standard 
curve obtained with potassium nitrate. If necessary, the ether solution may be 
washed with sodium sulphate solution before the hydrolysis to remove inter- 
fering substances. In the case of sorbityl dinitrate, white flecks may appear 
in the receiver and it is necessary to filter the solution before making up to 
volume. For ointments the method is similar, but it is necessary to agitate 
the mixture from time to time during the hydrolysis. Ointment bases such as 
soft paraffin or lanoline do not interfere. g. m. 

Bismuth, A New Reaction of. M. Jean. (C.R. Acad. ScL, Paris, 1948, 
226, 85.) To 1 ml. of a slightly acid solution of bismuth nitrate (containing 
about 0-2 mg. of bismuth) is added 10 ml. of a solution containing 0-32 g. of 
rubianic acid and 6-5 g. of silicotungstic acid per 1. A white turbidity is pro- 
duced. On heating for 10 minutes in a water-bath a brown colour appe^, 
proportional to the amount of bismuth. The optimum acidity for the reaction 
corresponds to 0-lN nitric acid ; the limits being from 2N to pH3. A distinct 
reaction is obtained with 20 /xg. of bismuth at a dilution of 1 in 100,000. Inter- 
ference is produced by metals which react with rubianic acid (copper, nickel, 
cobalt, ruthenium and platinum) or with silicotungstic acid (caesium), also by 
silver, mercury, zinc, cadmium and antimony. Chlorides weaken the reaction; 
acetates and tartrates prevent it. The reaction may be used for colorimetric 
determination. 

Calcium and Magnesium, in Solutions for Hypodermic and Intravenous Use, 
Determination of. R. Vigni. {Ann. Chim. appl., Roma, Solu- 

tions of calcium and magnesium thiosulphates are used parenterally. To 
determine the amounts of the bases present in these solutions, the calcium is 
precipitated by adding a large excess of ammonium chloride, heating to bpitog, 
making alkaline with ammonia and adding ammonium oxalate; the precipitate 
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test for anthranols would appear to be desirable. Heating at 

one hour bad no deleterious egect on the potency, but 

quinone content Such a treatment might well he subsUtuted for ftat^ of 

storage for one year. 


Morphine, Electrophotometric Detennination of- Laura Ki col ini. 
{Am. Pham., Fr., 1947, 5, 528.) The official colorirnetric rnethod of the Bnttsh 
Pharmacopoeia for the determination of morphine is criticised, to the se^h 
for a reaction specific for morphine, which allows determination of tbs aR'aJoia 
without previous extraction, the author adapted the colorimetric method of 
Guarino, A solution, containing from 5 to 10 mg. of morphine, was placed 
in a 50 ml. fiask and 10 mL of N/10 hydrochloric add added. _ The mixture 
was shaken, while 10 ml. of a 1 per cenL solution of iodic acid was added, 
followed after exactly 30 seconds, by 15 ml. of a saturated solution of am- 
monium carbonate. The mixture was allowed to stand for a short while wth 
occasional shaking. The volume was adjusted with the solution- of ammonium 
carbonate and several drops of a 0*2 i)er cent, solution of ferric chloride, 
addified with N/5 hydrochloric add, were carefully added drop by. drop, till 
no further colour change took place. Excess of ferric chloride must not be 
added, since it causes precipitation of a hydrate or the iodide, which colotns 
the riolet solution yellow and would interfere with the electrophotometer 
reading. The assay was continued by Guarino’s method, and colour intensity 
was estimated photometrically. Opium had first to be extracted by triturating 
with N/10 hydrochloric add, and shaking for 20 minutes, before using 
this method. The photometer readings plotted agmnst the content of 
morphine in mg., gave a straight line and obeyed Lambert-Beer’s law. 

L. H. P. 


Senna Glycosides, Colorimetric Estimation of. By W. Kussmaul and 
B. B e c k e r. {Helv. chim. Acta., 1947, 30, 59.) A satisfactory and reproducible 
colour for the estimation of the glycosides sermoside A and B can be produced 
as follow's: the aglycone is obtained by heating 10 mL of a 0-5 to J -0 percent, 
alkaline solution of glycoside -with 5 ml. of concentrated hydrochloric acid 
on a steam bath for about 15 minutes, when predpitation should be complete. 
After cooling, the precipitate is ledissolved in concentrated sodium hydroxide, 
and the solution is extracted with 80 ml. of ether in a separating funnel, and 
then addified with 50 per cent, sulphuric add. The yellow ethereal layer is 
run og, any further precipitate in the aqueous layer is dissolved with more 
sodivm hydroride and the solution is shaken with 40 ml. of ether. The ether- 
fraction is next shaken with 3 or 4 quantities, each of 5 ml., of sodium 
bicarbonate solution. The mixed sodium bicarbonate solution is then extracted 
with OT ml. of ether and acidified with 50 per cent, sulphuric add. The aqueous 
layer is twice extracted with 20 mL quantities of ether. Any deposit should to 
redissolved by the addition of alkali before shaking rvith ether. The mixed 
ether extracts are then filtered and the filtrate should be used within 10 hours. 
5 ml, of the filtered solution is then extracted with 10 ml. of N/1 caustic soda 
u wtb 0-2 ml. of 3 per <rent. hydrogen peroxide and gently 

A standard colorimeter cur.-e is prepa^ by 
sermoside B (dried in vacuo at 80’C.; equivulent 

to of a few drops of alkaU. 

of iVip ^ bydrol>-sed with hydrochloric add as above and 5 ml 

Zerss-Pulfnch Photometer or a “Weka'’ Havemann photoelectric 
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chloroform mixtures were used. Sulphuric acid (27 to 35N) was found 
to a better solvent and a better non-mobile phase than water; using 
both these solvents quantitative separation of formic, acetic, propionic, 
M butyric, caproic, caprylic, and capric acids is possible. Detailed procedure 
^ given for the quantitative analysis of fatty acids in biological materials. 
Fatty acids, in known mixtures or fatty acids added to butter fat, were 
recovered with a maximum error of 8 per cent. r. e. s. 

Frangula Bark, Assay of. K. Erne. (Svensk farm. Tidskr. 1948, 
52, 345, 377.) The method adopted for determining the biological activity 
of frangula bark was as follows; White mice were starved for 15 hours, 
and varying doses of the bark mixed With soft cheese, malt extract and 
water (8-t-8-f 1) were given. Observations were made after 4 hours. A 
positive reaction was shown by diarrhoea with copious yellowish-brown 
excretions. Each sample was tested on 3 groups of about 20 animals, each 
group receiving a different dose. The results were compared with those 
obtained with a sample which was taken as standard. Chemical tests were 
as follows. Total anthraquinones : 01 g. of the bark was refluxed with 
30 ml. of M/2 sulphuric acid for half an hour. The mixture was then 
extracted in a separating funnel with successive 25-inl. quantities of ether 
until all the colour was extracted The ether solution was Altered, and 
shaken out with 20-ml. quantities of M/2 sodium hydroxide. The alkaline 
solution was acidified with sulphuric acid and re-extracted with ether. The 
filtered ethereal extract was shaken with M/4 lead acetate until no more 
dark precipitate was formed, then extracted with M/2 sodium hydroxide, 
and the extract was made up to 50 ml. with the alkali. Ten ml. of this 
solution was diluted to 50 ml. with M/2 sodium hydroxide and, after 20 
minutes, the extinction was determined at 530 mp. The extinction co- 
efficient for emodin is 3-88. Free anthraquinones; These were determined 
as above with the omission of the acid hydrolysis. Anthranols; OT g. of 
the bark was refluxed with 10 ml. of M/2 sulphuric acid for 15 minutes, 
and the mixture extracted with 10-ml. quantities of ether until all the colour 
was extracted. The ether solution was dried with sodium sulphate, filtered, 
and passed through an alumina column (Brockmann) containing 5 g. of 
alumina. After developing the chromatogram with 50 ml. of dry ether, 
the yellow fluorescent zone was separated and treated with a few drops 
of a solution of 0-5 g. of selcnious acid in concentrated sulphuric acid. 
A greenish black colour showed the presence of anthranols. The approxi- 
mate percentage was determined by acid hydrolysis of the glycosides, 
extraction with benzene and petroleum ether, and chromatographing on 
calcium and magnesium carbonates, the anthranols being finally isolated 
and oxidised to anthraquinones which were determined photometrically. 
The results of the chemical and biological tests were not closely parallel, 
but it is considered that the chemical test is able to estimate the clinical value 
of the bark within about 20 per cent. The results obtained do not show any 
definite relation between bark thickness and physiological activity, although 
for a thickness below 0-7 mm. the activity was proportional to the thickness, 
and above this value the activity appeared to be constant, although for one 
sample of bark there was a marked peak at 2-5 mm. Thus the view that there 
is a maximum activity in bark from stems of 3 to 4 years old is not confirmed. 
There was in general no inequality between barks of the official thickness 
fl-5 mm) and thicker ones. Anthranols may be present even in samples 
Uich have been heated at lOO^C and then stored for one year. An official 
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carts- tragacanth, 40 parts. This is dusted on the concave fa^ of a watoh- 
glass’ which has previously been smeared with a thin layer 
^watch-glass is placed on a cruable contammg the matenal to be test^. 
On heating the bottom of the crucible with a small flame, the ^sence of water 
is shown by a violet colour appearing on the watch-^ass. The inethod 
detect 2 mg. of water. The reaction is not ^ven by organic hqmcfc, and it may oe 
used to detect water in pomades and other galenical preparations. '' 


G. M. 


GLYCOSIDES, FERMENTS AND CARBOHYDRATES 

Potato Starch, Fractionation of. Part W. Absorption Spectra and Colour 
Intensities of the Starch-Iodine Complexes. L. H. L a m p i 1 1, C. H. F. 
Fuller and N. G o 1 d e n b e r g. (J. Soc. chem. hid.. Loud., 1948, 67, 97.) 
Over the range 2400 to 7500 A, the absorption spectra of the starch-iodine 
complexes of potato starch and its cold-water-soluble and hot-water-soluble 
fractions are very similar qualitatively to those of wheat starch fractions, the 
visible part of the spectrum (4300 to 7500 A) being most sensitive to any 
changes in the starch. Depolymerisation by^ grinding lowers absorption only 
at the longer visible wave-lengths; at 5700 A the effect, if any, is very small 
and disappears over the range 4300 to 5300 A. Depolymerisation by grinding 
appears to consist in disruption of the unbranched parts of the amylofiectin 
molecules and of the unbranched parts of the amylose molecules. The cold- 
water-soluble fractions of potato starch are richer in amylose and poorer in 
amylopectin than the hot-water-soluble fractions; in wheat starch fractions, 
the reverse is the case. The greater solubility of potato starch amylose in cold 
water is attributed to its lower molecular weight. The diSerent behaviour of 
wheat starch is due either to the absorption by the amylose of the lipids present 
m the starch or to increased association between the amylose and amylopectin 
by means of hydrogen bonding, or to a combination of these factors. G. R. K. 


INORGANIC 


Clays, Effect of the Absorption of Sulphur on the Colloidal Properties of. 
A. Malquori. {Ann. Chim. appl., Roma, 1948, 38, 137.) The thixotropic 
mdex of clays, measured by Winkler’s method, is increased by heating them 
with sulphur. The clay is thoroughly mixed with flowers of sulphur and heated 
in a tube for one hour at 130’ to 140°C, For comparison the original clay is 
similarly treated without sulphur. The index increases up to a point with 
increased quantities of sulphur and then falls off, but the behaviour varies 
greatly with different clays. A sample of bentonite, which consisted of mont- 
morillonite, increased up to 30 per cent, of sulphur, one of kaolin, consisting 
of kaolinite, up to 5 per cent., and one of Gavi clay (sericite) up to 15 per cent. 
The author discusses the relation of these different behaviours with the crystalline 
structures of the different types of clay, and connects it with the content of 
hygroscopic moisture. 


Hjdrogen, Evolution from Ferrous Hydroxide, U. R. E v a n d and J N 
fn ^ ^ ^ 27.) Ferrous hydroxide, pure enough 

by mixing ferrous cLridfaS 


45 



ABSTRACTS 


colorimeter and the rea^gs are transferred to a graph which for both sennoside 
A and B is a straight line passing through zero. 'a. d. o. 

Sodium Diethyl- and Phenylethylbarbiturafes, Acidimetric Titration of. 
H. Baggesgaard-Rasmussen and F. R e i m e r s. {Dansk Tidsskr. 
Farm., 1948, 22, 166.) Determination of the acidity exponents for diethyl- 
barbitunc acid and phenylethylbarbitunc acid in aqueous alcohol gave the 
following figures. Diethylbarbitunc acid, pk8‘96 (alcohol 50 per cent.) ; 
9-54 (alcohol 75 per cent.) ; phenylethylbarbitunc acid pk8-61 (alcohol 
50 per ceat.y, 9-20 (slcahal 75 per cent.). Since the barbituric acids are 
weaker in dilute alcohol than in water, the end point is sharper and there is 
no prwipitation of the free acid during titration. The titration of the sodium 
salts is carried out as follows. O'lOO g. of sodium diethylbarbiturate or 
0'1250 g. of sodium phenylethylbarbiturate is dissolved in a mixture of 10 ml. 
of alcohol (86 per cent, by weight) and 5 ml. of water, and titrated with 
aqueous N/10 hydrochloric acid to a green colour, using bromophenol blue 
as indicator. g. m. 

Sulphonamides, Microscopic Identification of. G. L. K e e n a n. 
(J. Amer. pharm. Ass., Sci. Ed., 1948, 37, 202.) Optical crystallographic data 
and microchemical tests are described for sulphanilamide, sulphadiazine, 
sulphapyridine, sulphathiazole, sulphaguanidine and sulphamerazine, together 
with optical crystallographic data of certain of the complexes obtained in 
the microchemical tests. The tests described are based upon complexes 
formed with the following reagents ; for sulphanilamide, aromatic aldehydes 
and silver nitrate; for sulphadiazine, gold bromide and hydrochloric acid; for 
sulphapyridine, gold chloride; for sulphathiazole, picrolonic acid; for 
sulphaguanidine, nitric acid; and for sulphamerazine, gold chloride and 
sodium bromide, and picrolonic acid. G. r. k. 

Sulphur in Organic Compounds, Microdetermination of. A. S t e y e r- 
mark, E. Bass and B. Littman. {Anal. Chem., 1948,20, 587.) Sulphur- 
containing organic compounds which gave low results by some micro- 
' analytical methods were analysed satisfactorily by burning, following the 
Carius method, after which the resulting sulphate was titrated with barium 
chloride by the tetrahydroxyquinone indicator technique. R. e. s. 

Tragacanfh, Powdered, Evaluation of. Report No. 1 of the Tragacanth 
Sub-Committee of the Analytical Methods Committee of the Society of 
Public Analysts. {Analyst, 1948, 73, 368.) This report deals with the 
measurement of the viscosity of mucilages made from the powdered gum. 
The falling sphere method and the U-tube method were rejected as being 
unsuitable or difficult to apply, and a method is recommended using a 
Redwood No. 1 viscometer. The principle of determining the concentration 
of the dry gum that would be required to produce a mucUage with a 
corrected efflux time of lOO sec. for 50 ml. of mucilage at 20°C. was adopted. 
Details of preparation of the mucilage, determination of viscosity and 
method of calculation ate given. The moisture content is determined by 
drying about 1 g. of the powder in an open dish to constant weight in a 
steam-heated oven. s- 

Water, Detection of. P. B o y m o n d. {Pharm. Acta Helvet., 1948, 23, 207.) 

A powder which may be used for the detection of water is composed as follows: 
bromophenol blue, 5 parts; sodium carbonate, anhydrous, 15 parts; starch, 40 
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treated by try'ptic digestion, and the hepam contents 

the anticoagulating effects by means of the thrombin method of 

Charles. The yield of heparin, expr^d m mg. of 

61-8 m2.As- of li'^or, the tissue residue yielding 5-5 mg./kg., the precipitate 
56-3 mg.Ag-, and the supernatant and dialysate nil. s. i.. w. 


Penicillm Standards. C. R. B o n d. (Analyst, 1948, 73, 254.) m develop- 
ment and history of British standard penicillins is descnbed, with details ot 
a new working standard consisting of a crystalline sodium salt wth an appie- 
ciably higher potency and containing only 0*4 per cent of penicillin F ' 
dition to penicillin G. A comparison of the composition of various penicillin 
standards is given, the determinations being made by Goodall and Levis 
micro-chromatographic method. 


BIOCHEMICAL ANALYSIS 

Mercurs’ in Or gani c Material, Detennination of, by Polarographic Methods. 
G. C o s t a. (Ann. CItim. appL Roma, 1948, 38, 157.) By the destruction of 
the organic matter by suitable means and conversion of the mercury to iodide 
the metal may be determined polarograpbically. For mine, pass a strong 
current of chlorine through 250 ml. at 80° C. for 1 hour; then pass a strong 
current of air in the cold for 1 hour, filter and concentrate on the water-bath 
to about 100 ml. Pass hydrogen sulpWde thiou^ the hquid and, whether 
mercury is present or not, a brown precipitate is obtained. Set aside for 24 
hours. Decant the clear liquid and centrifuge the remainder, \vashing the 
precipitate wth a little water saturated with hydrogen sulphide. Then dissolve 
the precipitate in chlorine water, passing chlorine gas if necessary for a few 
minutes. The liquid remains turbid owing to the separation of sulphur. Filter 
into a graduated 20 ml. flask and make up to volume. This may be added to 
Schwartz’s solution (potassium iodide, 4 g.; sodium acetate, 4-22 g.; gelatin 
(or, better, tylose) 0-2 g. in 100 ml. of water). Curv'es are given showing the 
results with different quantities of mercury and also the results of the presence 
of other heaiy metals. The results are accurate witb'n about 10 per cent, and 
2 mg. of mercury per litre can be determined. h, d. 


(Estrone, Equilin and Equilenin, Determination of, by Infra-red Spectro- 
photometrj-. J. Carol, I. C. Molitor and E. O. H a e n n i. 
(J . Amer . pharm. Ass., Sci. Ed., 1948, 37, 173.) Mixtures of these ketosteroids 
were analysed by measuring the optical densities of solutions of their benzene- 
sulphonyl Kters in carbon disulphide at selected wave-lengths for each 
component in the infra-red region. The concentration of each component was 
calculated from graphs prepared by plotting optical densitv against concen- 
trauon for each substance at the selected wave-lengths. The selected wave- 
lengths were 10 45 [i, at which equilenin shows maximum absorption 
10 88 [i, at which cestrone shows the maximum, and 10-96 i^, at which equilb 
shows the maximum. The benzenesulphonyl esters were chosen because they 
arc readily prepared, show the greatest differences in absorption at the selected 
wave-lengths, and are sufficiently soluble in carbon disulphide. The method 
gave s^isfactoiy- results with 20 prepared samples, and with mixtuKs 
recovered from commercial oily solutions of natural ce^trogens. g K K 

^nation Method. C G. Pope. (Analyst, 1948 
, - .) A full descnption of this assay has already been published (Pope 
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following those of Schikorr 3.1so failed to yield hydrogen even when the 
reactants were heated to 100°C. Hydrogen was, however, evolved at room 
temperature with excess of ferrous sulphate if platinum chloride, colloidal 
platinum, nickel sulphate, nickel fvowder, copper powder or sodium sulphide 
was added. Manganese sulphate yielded no hydrogen under these 
conditions. r r c 


BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Antunalarial Agents and Their Action on the Glucose Metabolism of Plasmodia. 
P. B. Marshall. (Brit. J. Pharmacol., 1948, 3, 1.) Using blood from chicks 
heavily infected with Plasmodium gaUinaceum, the authors show that quinine 
and mepacrine exert inhibitory activity at several points in the glucose meta- 
boh’sm of plasmodia. Quinine inhibits hexokinase and phosphoglyceraldehyde 
dehydrogenase moderately, and possibly lactic dehydrogenase and pyruvate 
oxidation. Mepacrine inhibits hexokinase strongly, phosphoglyceraldehyde 
dehydrogenase moderately, and probably pyruvate oxidation. Further studies 
are necessary to find what proportion of the total inhibitory action takes place 
at the different points in the carbohydrate metabolism, and, indeed, whether 
the greater part of the inhibition does take place against the carbohydrate 
metabolism, or against other metaboh’c functions. s. l. w. 

Be n z i midazole, The Folic Acid Activity and Antagonism of Two Structurally 
Related Derivatives of. P. C. E d w a r d s, D o r o t hy S t a r 1 i n g, A. M. 
Mattocks and H. E. Skipper. (Science, 1948, 107, 119.) Substances 
having an action like folic acid have previously been reported, and so have 
compounds which are antagonistic to folic acid. The authors have studied 
two benzimidazole derivatives for their folic acid activity or antagonism, 
because the benzimidazole nucleus closely resembles the purine nucleus and 
shows competitive action with amino-purines. The first compound examined 
was N-(4-[ {(2-benzimidazoyl)-methyl} -ainino]-benzoyl)-glutamic acid in which 
the pterin nucleus (pyriniido-4 : 5-pyrazine) of pteroylglutamic acid had been 
substituted by the benzimidazole nucleus; it retained a certain degree of folic 
acid activity, as measured by the growth stimulating eSects on Streptococcus 
fcecalis. TTie other compound investigated ^vas N-(4-[(2-benzimidazolyl)- 
methyl-amino]-benzenesulphonyl) glutamic acid, which had a sulphonyl group 
in place of the ketonic group of the first compound; the substance reversed 
the biological activity of folic acid on S. fcecalis and became a metabolite 
antagonist. This reversal of activity is reminiscent of the essential metabolite 
antagonist theory for the sulphonamides, and throws some doubt on the 
specificity of the pteridin nucleus for the folic acid system. l. h. p. 

Heparin, a New Extraction Procedure for. O. Snellman, R. Jensen 
and B. S y 1 V e n. (Nature, 1948, 161, 639.) Solutions of potassium thiocyanate 
exert a pronounced power of extracting the mast cell granular substance from 
liver tissue fairly quickly and completely. Using M/1 potassium thiocyanate 
solution for 24 hours, the authors obtained about 90 per cent, exmaction of 
the metachromatic material in ox liver. Histochemical examination of the 
tissue residues showed only insignificant amounts of metachromatic substances 
left after such extraction. After extraction the potassium thiocyanate was 
readily removed by dialysis, leaving the following fractions to be analysed: 
tissue residue, precipitate, supernatant and dialysate. These fractions were 
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of simple quatemaiy ammonimn salts might be partly dim to the pr^ence ^ 
" cationic gr^ps at some optimum distance apart. TTie authors therefore 
prepared and tested for curare-like activity a number of simple ftw-quaterna^ 
a™nium salts in which the nitrogen atoms were separated by polymethj^^ene 
chains of different lengths. Among the salts prep^ed were pd^ethylene 
tottrimethyl- and 6is-triethyl-ammonium bromides, with cham-lengtte of from 
2 to 5 and 7 to 13 carbon atoms, and a smaller group of polymethylene bis- 
quinolinium and his-strychninium dibromides; the drugs were t^ted on the 
phrenic nerve-diaphragm preparation of the rat. In the 6/s-timethyl-amniom^ 
series none of the compounds ivas more than 2/5 as active as tubocurarme 
chloride; on the other hand, using the rabbit head-drop test, the Cjo member 
of this series was found to be about 3 times as potent as tubocmarine chloride, 
0-08 mg./kg. being required to produce head-drop compared with 0‘26 mg./kg. 
of cf-tubocurarine chloride. Thus, the relative activities, and freir variation 
within a homologous series, may be quite different in the rat diaphragm and 
the rabbit head-drop tests. As the augmentation of the contractions of the rat 
diaphragm produced by nearly all the b/r-quatemary ammonium salts resembled 
superficially the effect of anticholinesterase drugs, the authors tested repre- 
sentative members on the cholinesterase of caudate nucleus (dog), ivith acetyl- 
choline as substrate, and found that they all showed some inhibition of the 
enzyme at concentrations slightly lower than those needed to reduce the con- 
tractions of the rat diaphragm. s. L. w. 


Curare-like Action of Polymetbylene bis-Quatemarj' Ammonium Salts. 
S. D. M. PatonandE. J. Zaimis. (hliaiure, 1948, 161, 718.) In a pharma- 
cological study of a series of straight-chain aliphatic w-b/r-trimethyl-ammonium 
iodides, it was found that in the rabbit head-drop test for curare-like activity, 
the potency increased from the ethylene derivative to the octamethylene 
derivative, and the decamethylene derivative (Qo) was more potent still, 0*11 
mg./kg. of the iodide being required to produce head-drop compared ivith 
0-25 mg./kg. of </-tubocurarine chloride. The potency in relation to d-tubo- 
curarine chloride varied however with the test object; thus, the approximate 
ratio of an effective dose of the C® derivative to an equipotenr dose of d-tubo- 
curarine chloride was, on the cat’s tibialis, 1/3; on rabbit’s head-drop, 3; on 
frog-nerve-sartorius preparation, 3; on rat’s diaphragm preparation, 50 to 100. 
The curarine-fike action was not antagonised by neostigmine in doses adequate 
to antagonise the effect of d-tubocurarine chloride either in the cat’s tibialis or 
m the rabbit’s head-drop test. Comparison of potency with d-tubocurarine 
chloride complicated by the finding that while d-tubocurarine cWoride is 
unaltered in potency when given after these bis-quatemary salts, the converse 
ts not true; thus, following the injection of two-thirds head-drop dose, approxi- 
mately twice as much of the Qo derivative was required to produce head-drop as 
was normally needed. The authors stress the importance of pharmacological 
testing of possible substitutes for d-tubocurarine chloride on more than one 
test object and suggest that before clinical application can be considered it is 
desirable to find some satisfactory antagonist to their effects. s. l w. 


Streptomycin, Sulphetrone and Promin; Chemotherapeutic Action in 

™d .r n. „,,h 
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and Stevens, Bull. Health Org., L. of N., 1946, 12, 274.) and reference is made 
to essential details only. Growth curves are given from the practical results 
obtained, the purpose being to indicate the reason for the sharp ‘end-point 
shown in this assay procedure. Figures are given of results obtained in com- 
parative determinations of various standard penicillins and the advantages 
and disadvantages of the assay are tabulated. A method is outlined for the 
assay of penicillins G and K in commercial samples, depending on the fact 
that penicillins G and K give different values in terms of I.U./mg. when assayed 
against Staphylococcus aureus, while more nearly equal weights of each are 
adsorbed on charcoal. r. e. s. 

Penicillin, Investigation on the lodimetric Method of Estimation of. A. M. 
Wild, (/. Soc. client, hid.. Land., 1948, 67, 90.) The method depends upon 
measunng the amount of iodine absorted by the penicUloates produced by 
alkaline hydrolysis (Alicino, Industr. Engng. Chem., Anal. Edit., 1946, 18, 619; 
Quart. J. Pharm. Pharmacol., 1947, 20, 59.) The results are shown to vary 
vvith temperature, concentration of potassium iodide in the iodine solution, 
pH, and the purity of the penicillin. The original suggestion that the effects 
of the impurities could be overcome by performing the blank titration im- 
mediately after addition of the iodine supposed that the impurities absorbed 
iodine immediately and that they were unaffected by alkali. Both suppositions 
are shown to be in error, and it seems doubtful whether the method can be used 
for the estimation of low-grade penicillin. For reasonably pure samples, the 
errors introduced are not large, and by strict control of conditions results are 
obtained which are more consistent and reh’able than those from the usual 
bioassay. Using the modified procedure described, results have compared 
favourably with triplicate bioassays on the same samples. For samples of 
high penicillin G content, with potencies over 1000 units/mg., differences 
greater than 3 per cent, have been rare and the error progressively decreased 
as the samples tended to absolute purity. The repeatability of the method 
has been found to be of the order of + 1-5 per cent. g. r. k. 

Penicillin, Microbiological Assay by the Turbidimetric Method. C. R- 
Bond and O. L. Davies. (Analyst, 1948, 73, 251.) The various factors 
affecting this assay method are discussed and a nutrient broth formula for 
Staphylococcus aureus, with details of the inoculum, is given. The following 
results of experimental work are quoted; small deviations in optimum tempera- 
ture (37°C.) caused appreciable depreciation in growth; measurements over a 
period of 2i to 4^ hours incubation showed a continuous increase in growth; 
the greatest rate of growth occurred at pH 7-5 while at pH 6-0 to pH 6-5 the 
growth rate was markedly retarded; the best bacteriostatic used to stop the 
growth of the test organism at the end of the incubation period was formalin. 
The advantages and disadvantages of the method are compared with those 
of the serial dilution and cylinder-plate methods. The standard errors found 
were: serial dilution, 10 per cent.; cylinder-plate, 4 per cent.; turbidimetric, 

4 per cent. R. E. s. 


CHEMOTHERAPY 

Curare-like Action of Polymethylene bis-Quatemary Ammonium Salts. R. B. 
Barlow and H. R. I n g. (Nature, 1948, 161, 718.) Tubocurarine chloride 
is a Ws-tetrahydro/soquiaoline alkaloid containing 2 quaternary nitrogen atoms, 
and its potency in blocking neuromuscular transmissions compared with that 
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effective even than some of the common ionic agents. Certain of the 
polyvinyl alcohols were effective over a tvide/tH range. Me^ods of preparation 
of eSions using dry powdered polyvinyl alcohol as weU as viscous^aqueous 
solutions are given. 


PHARMACOGNOSY 


Datura metcf. Effect of Colchicine Treatment on the Alkaloidal Content 
of. A. E. Beesley and G. E. Foster. {Nature, 1948, 161, 561.) In 
contrast to the results reported by J. M. Rowson {Quart. J. Pharm.PhaunacoL, 
1945, 18, 175) that the treatment of seeds of D. metel and other solanaceoiK 
plants with a 0’4 per cent, aqueous solution of colchicine produced polyploid 
plants with a higher alkaloidal content than untreated seeds, a batch of D. metel 
seeds, similarly treated, produced plants which showed no evidence of polyploidy 
and no significant increase in alkaloidal content when compared \wth plants 
grown from a control group of seeds under conditions as far as practicable 
identical. rt. R. K. 

Ergot and Preparations, Alkaloidal Content of. S. A. Schou, P. F. 
Jorgensen and V. G. Jensen. {Dansk Tidsskr. Farm., 1948, 22, 161 .) 
An examination was made of the alkaloidal content of 35 samples of ergot of 
varying geographical origin and harvests from 1938 to 1947. The content of 
ergometrine alkaloids was nil in 14 cases, while in 15 samples it was over 
0-025 per cent., the maximum being 0-060 per cent. Five samples contained 
no ergotoxine alkaloids, 21 contained 0-100 per cent, or over, and the maximum 
was 0-217 per cent. For the new Danish Pharmacopceia it is recommended 
that the minimum limit for ergot should be 0-025 per cent, of ergometrine 
alkaloids and 0-100 per cent, of ergotoxine alkaloids: for the liquid extract 
the corresponding figures are 0-020 and 0-060 per cent, respectively. If 1 per 
cent, of ascorbic acid is added to the extract, and it is made from a drug con- 
taining the minimum proportion of alkaloids, the extract will still meet the 
requirements after storage for 6 months. G. M. 


Morphine Content of Poppy Capsules. H. Baggesgaard- 
Rasmussen and O. Lanng. {Dansk Tidsskr. Farm., 1948, 22, 203.) 
A number of methods of assay were tried, the most satisfactory being a polaro-' 
graphic one, as follows. 2 g. of powdered capsules is moistened with 1 ml. 
of 1 -2 M sodium carbonate solution and heated at 70'’C. in a flask provided 
with a reflux condenser for 1 hour with 20 ml. of a mixture of butyl alcohol 
(7 volumes) and benzene (3 volumes). The mixture is then filtered through 
a sintered glass filter, the residue being pressed down and then washed with 
about 50 ml. of the nuxed solvent. The extract is shaken out with 10 ml. of 
N/1 hydrochloric acid, and washed 3 times with 10 ml. of water. The aqueous 
extracts, which are practially colourless, are evaporated to 10 ml., treated with 
hydrochloric acid and potassium nitrate, then with excess of potassium hydroxide 
and the morphine is determined polarographically. The method was applied 
to cx^nmental crops from seed of capsules tested the preceding year The 

‘he second year (1947) was much 'higher 
year, but this is probably due to the very different 
“"dit.ons. The distribution of morphine in the capsuk vSs 1m 
\c I a c V ri,ii,r,g the capsules into three equal parts by horizontal cuts. 
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tuberculosis, were treated 22 days after infection with drugs for 168 days. One 
group received 0*5 per cent, of pronun in the diet, one 2 per cent, of sulphetrone 
in the diet, one 10 mg. of streptomycin parenterally daily, and a fourth 2 per 
cent, of sulphetrone in the diet and 10 mg. of streptomycin parenterally daily; 
the control group of 1 1 animals remained untreated. On the basis of survival 
time, change in weight, response to tuberculin tests, macroscopic evidence of 
gross tuberculosis post mortem or microscopic examination, all presented a 
uniform picture of degrees of protection. The order of efficiency of the drugs 
was streptomycin with sulphetrone, streptomycin, sulphetrone, and promin. 
The protection given by the combined streptomycin and sulphetrone treatment 
was so marked as to be clearly synergistic. The authors express the opinion 
that the disease was progressive in all groups, though at a much suppressed 
rate in those groups where protection was greatest. Nevertheless, the experi- 
mental effects produced by the combined streptomycin and sulphetrone therapy 
are considered to justify a careful clinical evaluation in selected cases, s. l. w. 


PHARMACY 

GALENICAL PHARMACY 

Strophanthus, Preliminary Report on the Extraction of. C. L. H u y c k. 
{]. Amer. pharin, Ass., Sci. Ed., 1948, 37, 191.) Tinctures were prepared by 
percolation with alcohol (95 per cent.) and alcohol (65 per cent.) and assayed 
colorimetrically by a modification of the picric acid method of Knudson and 
Dresbach. The results given show there is little to choose between the 
solvents or the methods, except that the tinctures prepared with the weaker 
alcohol showed a somewhat greater loss of activity after 6 months and 
formed a precipitate. c. R. K. 


NOTES AND FORMULAE 

Polyvinyl Alcohol as an Emulsifying Agent. G. F. B i e h n and M. L. 
Ernsberger. (Ind. Engn. Chem., 1948, 40, 1449.) Commercial polyvinyl 
alcohols (partially or completely hydrolysed polyvinyl acetates) were examined 
for their interfacial tension and emulsifying properties. The most effective 
polyvinyl alcohols were found to be high-viscosity products hydrolysed to the 
extent of 75 to 80 per cent. At a concentration of 0-5 per cent, or higher 
(based on the total emulsion) these emulsifying agents compared favourably 
with other agents in giving emulsions of small droplet size, foaming was less, 
and where present the foam was unstable. Results on the stability of emulsions 
showed that the effectiveness of emulsifying agents generally varied greatly 
Mth different water-immiscible liqmds. Comparisons with the polyvinyl 
alcohols showed that these agents and sodium dodecyl sulphate gave the most 
stable emulsions of trichloroethylene; for dibutyl phthalate, polyvinyl alcohols, 
sodium oleate and methyl cellulose were equally effective; for linseed oU, sodium 
alginate and sodium oleate were good, while two polyvinyl alcohols tested 
were fairly effective. The emulsion stabilities were measured by a method 
involving the measurement of the rate of separation of the internal phase 
under a constant centrifugal force. For emulsions containing sodium chloride, 
magnesium chloride or calcium chloride, the latter in concentrations coires- 
oonding to hard waters, a high viscosity 76 to 79 per cent, hydrolysed polyvinyl 
acetate gave stable emulsions, but other polyvinyl alcohols unexpectedly proved 
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para.AniinosaEcyEcAddtaEvT»erinient^Tubercdosfe^^^^^ 

M I S m i t h and J. E. G. F r 1 a s. (/. Pharmacol., 1948, 92, 447.) m 

rats guinea-pigs and rabbits showed a relatively low toxicity m ^ the^ amn^, 
but ’chronic toxicity tests on guinea-pigs indicated a cumulative action. The 
compound is well absorbed from the gastro-intestmal tract and k wed ret^^ 
iveral hours. Analysis of the urine of rabbits showed that dumg the _4 
hours foUowing ingestion, from 10 to 20 per cent, of the dose adnu^tered 
was excreted as the free compound and about 80 to 90 per cent, as the ^n- 
iugated compound. It was found to have Uttle therapeutic activity m rabbits 
infected with a bovine strain and in guinea-pigs infected with a human stram 
of tubercle bacilli. When given in combination with streptomycin the chemo- 
therapeutic efficacy was no greater than the sum of effects from the two dmgs; 
there was no evidence of potentiation as with the sulphones and streptomycin. 

C T w 


Diisopropyl Flnorophosphate; Effect on Anoxic Survival. A. F. Freed- 
man and H. E. H i m w i c h. {Science, 1948, 108, 41 .) It has been found 
that the use of diisopropyl fluorophosphate (D.F.P.) prolongs the survival 
period of medullary centres subjected to a complete arrest of circulation. 
If tins increased resistance to anoxia observed in the isolated head should 
be found to apply also to the intact organism then it might be valuable 
m minimising the effects of anoxia. For this investigation the authors under- 
took a series of experiments under a variety of conditions, which included 
a comparison of the survival periods of animals previously injected with 
the drug with untreated controls, using (1) rats subjected to hypoxia, (2) 
the decapitated heads of new-born rats (length of gasping-time of head), 
(3) rats receiving excessive doses of pentobarbitone or of morphine. Only 
with morphine was there any suggestion of a beneficial effect from the 
previous use of the drug and on statistical analysis even this might be 
imputed to chance variation s. L. w. 


Dimercaprol (3B.A.L.), Influence of, on the Toxicity and Therapeutic Activity of 
Mapharsen. N. E r c o 1 i and W. W i 1 s o n. {J. Pharmacol., 1948, 92, 121.) 
The influence of dimercaprol on the therapeutic activity of mapharsen was 
studied in relation to its toxicity in mice infected ivith Trypanosoma equiperdum. 
It was found that the curative or sterilising action of mapharsen is influenced 
much more readily by dimercaprol than the trypanocidal action, while the 
toxicity is the least affected. Thus, while the curative effect of ’mapharsen 
disappears with doses of dimercaprol as low as one-ei^th to one-half the 
mapharsen dose, from 1-0 to 2-7 times more dimercaprol than mapharsen is 
required to interfere with toxic mapharsen doses. In other words the “ thera- 
peutic index ” for the combined treatment is lower than for mapharsen alone 
since the curative aaivity is more reduced than the toxicity by the same pro- 
portional dose of dimercaprol. In general, the higher the dose of the arsenical 
the more dimercaprol proportionately is required for inhibition. These findings 
preclude the possibility of combined chemotherapy with dimercaorol and 
mapharsen. ^ 

s. L. w. 

Rutin, Effect on Anaph>Iactic and Histamine Shock. R H W i 1 n t, 

Uter and Nechelw {Science, 1947, 106, 368) from their obseivatio^^tfitS 
protects gutnca-pigs from anaphylactic shock but not frr,Tr, w ♦ • ^ ™tm 

.urc that either ffittamine is not the dLvSL ^ 

prevents the liberation of histamine. Th^^c ^ shock or rutm 

or ros* 
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the placenta and stigma being examined separately. Typical results were as' 
follows: — 






/ 

Weight 

Morphine 

(anhydrous) 

Morphine 






of total 

per cent, 
of total 

per cent. 

Upper part ... 




t 

16-5 

0-31 

U-8 

Middle part 





26-4 

0-43 

26-5 

Lower part ... 





34-1 

0-52 

41-0 

Placenta 




.... 

14-0 

0-50 

16-0 

Stigma 


... 


j 

90 

0-24 

4-7 


G. M. 

Opium from Greece. P. G. K r i t i k o s. {Pharm. Acta. Helvet., 1948, 23, 
196.) A certain amount of opium is produced in Greece. Examination of a 
niunber of samples from different districts gave the following figures : — 


Sample 




2 

3 

4 

1 5 

! 


7 

Moisture (lOO^C.) ... 

6-38 

3-48 


3-68 

6-01 

3-54 

5*78 

Ash 

2-90 

3-35 

2-97 1 

2-65 

1 2-08 

4*98 

3-60 

Meconicacid 

4-81 

5-81 

4-92 ! 

5-29 

! 5-56 

5-18 


Narcotine 

4-18 

4-02 

4-03 

3-92 

, 5-17 

3-79 


Codeine 


1-27 

1-27 

1-17 

1 1*22 

1-25 


Morphine 

15-61 

10-25 

14-50 

14-43 

15-40 

15-74 

IH 


All the above percentages, other than the moisture content, are calculated on 
the dry material. g. m. 


PHARMACOLOGY AND THERAPEUTICS 

Amidone, Pethidine and Morphine; Analgesic Effects in Human Subjects. 
E. N. Christensen and E. G. G r o s s. (/. Amer. med. Ass., 1948, 137, 594.) 
A comparison in 11 volunteer subjects, employing the Wolff, Hardy and Goodell 
technique, showed amidone to be about tluree times as potent as morphine and 
many times more potent than pethidine when given subcutaneously, but that 
it lacked the sedative action of either of these drugs. Nausea and vomiting 
'were not experienced by any of the subjects. With all three drugs the duration 
of analgesia following subcutaneous injection is much longer than that following 
intravenous injection. The simultaneous injection of a dose of 0-3 mg. of 
atropine decreased both the intensity and duration of the analgesic effects of 
both amidone and morphine, and the duration but not the intensity of pethidine. 
When atropine was given with any of the drugs administered intravenously the 
only consistent change was a shortening of duration of effect of amidone. 
The undesirable side-effects of morphine and pethidine, such as nausea and 
vomiting, were absent when atropine was given simultaneously. Sedation was 
more marked when atropine was injected with each analgesic. Simultaneous 
injection of 0-5 mg. of neostigmine increased both the intensity and dmation 
of the analgesic action of aU the drugs. From these studies, combined with to 
study of the clinical results in 69 patients to whom amidone combined with 
atropine was given as a pre-an$sthetic agent, the authors conclude that amidone 
is an unsatisfactory pre-medication agent, but is most useful as a post-operative 
analgesic and in pain from many other causes. s. l. w. 
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par«.AmmosaIicyHc Addin ExT«rimenfcdTnberc^^^^ 

T S m i t Ii and J. E. G. F r J a s. (/. Pharmacol., 1948, 92, 447.) l«ts in 
rats guinea-pigs and rabbits showed a relatively low to.xicity m ^ the^ anin^, 
but ^nic toxid^ tests on guinea-pigs indicated a cumulative action. The 
compound is well absorbed &om the gastro-inteshnal tract and is weU retted 
for several hours. Analysis of the urine of rabbits showed that di^g the _4 
hours following ingestion, from 10 to 20 per cent, of the dose adm^tered 
was excreted as the free compound and about 80 to 90 per cent as the ^n- 
iuEated compound. It was found to have little therapeutic acUvity m rabbits 
infected with a bovine strain and in guinea-pigs Mected with a human stram 
of tubercle bacilli. When given in combination with streptomycin the chemo- 
therapeutic efficacy was no greater than the sum of effects from the two dmgs. 
there wns no evidence of potentiation as with the sulphones and streptomycm. 

O T TIT 


Diisopropyl Fluorophosphate; Effect on Anoxic SurvivaL A.F.Fieed- 
m a n and H. E. H i m w i c h. {Science, 1948, 108, 41.) It has been fomd 
that the use of diisopropyl fluorophosphate (D.F j.) prolongs the survival 
period of medullary centres subjected to a complete arrest of circulation. 
If this increased resistance to anoxia observed in the isolated head should 
be found to apply also to the intact organism then it might be valuable 
m minimising the effects of anojtia. For this investigation the authors under- 
took a series of experiments under a variety of conditions, which included 
a comparison of the survival periods of animals previously injected wdth 
the drug with untreated controls, using (1) rats subjected to hypoxia, (2) 
the decapitated heads of new-bom rats Oength of gasping-time of head), 
(3) rats receiving excessive doses of pentobarbitone or of morphine. Only 
with morphine was there any suggestion of a beneficial effect from the 
previous use of the drug and on statistical analysis even this might be 
imputed to chance variation. S. L. w. 


Dimercaprol (B.A.L..), InSaence of, on tiie Toxidty and Therapeutic Activity of 
Mapbarsen. N. Ercoli and W. Wilson. (/. Pharmacol., 1948, 92, 121.) 
The influence of dimercaprol on the therapeutic activity of mapbarsen was 
smdied in relation to its to\icit>’ in mice infected with Trypanosoma eguiperdum. 
It was found that the curative or sterilising action of mapbarsen is influenced 
much more readily by dimercaprol than the trypanocidal action, while the 
toxicity is the least affected. Thus, while the curative effect of mapbarsen 
disappears with doses of dimercaprol as low as one-eighth to one-half the 
mapbarsen dose, from FO to 2’7 times more dimercaprol than mapbarsen is 
required to interfere with toxic mapbarsen doses. In other words the “ thera- 
peutic index ” for the combined treatment is lower than for mapbarsen alone 
since the curative activity is more reduced than the toxicity by the same pro- 
portional dose of dimercaprol. In general, the higher the dose of the arsenical 
the more dunercaprol proportionately is required for inhibition These findines 
PTOludc the possibility of combined chemotherapy with dimercaprol aS 
map arsen. ^ 

Rntm, Effect on Anaph>lactic and Histamine Shock. R H W i I c n n 

Later and Nechelcs {Science, 1947, 106, 368) from their observatio^that^i^n 
protects guinea-pigs from anaphylactic shock but not from histamine 
werc that either histamine is not the direct cause of 
prevents the liberation of histamine. ThtS^clSonSl 
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against histamine, that death from histamine can be prevented by compounds 
closely related to flavonols and that scorbutic guinea-pigs have an increased 
sensitivity to histamine which is counteracted by a mixtiu-e of ^/-catechin isomers. 
Rutin affords protection against histamine shock in an indirect way and is 
not a true antihistamimc. The evidence that it protects against anaphylactic 
shock supports the theory that symptoms of anaphylaxis are produced by 
histamine. g. r. k. 

Thiouracil -treated Rats, Diffuse and Nodular Hyperplasia of the Thyroid 
Gland in. W. C. Kuzell, H. B. Tripi, G. M. Gardner and G. L. 
L a q u e u r. (Science, 1948, 107, 374.) 58 albino rats were fed on a basic diet 
containing 0-1 per cent, of thiouracil for periods of 34, 51, 120, 142 and 233 
days. Comparison of the thyroid glands at the end of these periods with those 
from a control group of rats showed extreme hypertrophy in the glands from 
those animals fed on the thiouracil diet for a long time (the glands from male 
rats which had received thiouracil for 233 days averaged an increase in weight 
above normal of 489-3 per cent.). Histologically, the glands from animals 
removed from the thiouracil diet after 34 and 51 days showed no hyperplasia, 
whereas those from rats fed on the diet for 120 days or more were distinctly 
hyperplastic with areas of nodular hyperplasia; the number of nodules was 
related to the amount of thiouracil ingested. Since this experiment was part 
of a study designed to show the effect of thiouracil-induced hypothyroidism 
on experimental polyarthritis, all animals were inoculated at varying times with 
a broth culture of pleuropneumonia-Uke organisms, but there was no evidence 
that this had any effect on the thyroid glands. g, r. k. 

BACTERIOLOGY AND CLINICAL TESTS 

Sodium jp-Aminobenzoate, Bacteriostatic Properties of, R. L e c o q and 
and J. Solomides. (C.R. Acad. ScL, Paris, 1948, 226, 846.) At dilutions 
of 1/130 to 1/250, sodium p-hydroxybenzoate has a bacteriostatic action, 
not only toward Pact, call and the bacillus of Eberth, but also towards cultures 
of Gram-negative organisms — B. dysenteries Shiga and Vibrio Cholerce. On 
the other hand it has no action on Staphylococci, Streptococci, B. siibtilis and 
B. diphtheria, even at 1/100. The development of B. tuberculosis (human 
and bovine) is inhibited even at a dilution of 1/1000. The action on moulds 
is variable : the growth of Actinomyces griseus is stopped at 1/250 while 
Aspergillus niger is resistant. <?• M. 

Vitamin K, Antibacterial Analogues of. Effect on Mycobacterium tuber- 
culosis. C. N. Hand (Nature, 1948, 161, 1010.) During a search for 
chemically defined growth-factors for M. tuberculosis, it was decided to 
investigate vitamin K, which is present in many organisms and is probably 
of nutritional importance. A pigment, * phthiocol ’ (2-methyl-3-hydroxy- 
1 : 4-naphthoquinone), isolated from a laboratory strain of tubercle bacillus, 
has vitamin K-like activity, and it has been suggested that phthiocol is 
derived from vitamin K during the extraction of the bacteria. It has long 
been known that M. paratuberculosis, when freshly isolated, will grow only 
on media containing extracts of other acid-fast bacteria, notably M. phlei, 
and it has been claimed that phthiocol and 2-methyI-1 :4-naphfhoquinone 
can replace M. phlei, but the stimulant action is not so marked, hence it 
does not follow that the M. phlei growth-factor and these compounds are 
the same. The author concludes that the original hypothesis that vitamin 
K-like compounds are necessary for the nutrition of M. tuberculosis has 
not been proved, but that there are certain indications that similar substances 
play some part in the metabolism of the organisms. s. i-. w. 
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the BRITISH PHAKMACOPCEIA, 1948 
The Assay of Alkaloidal Salts 
By D. van Os 

Professor of Pharmaceutical Chemistry and Toxicology in the 
University of Groningen 

Chairman of the Netherlands Pharmacopceia Commission 


In the control of the purity of alkaloidal salts and similar cornpounds fte 
question arises whether it is necessary to estimate the physiologically active 
base, or if it is sufficient to determine the other part of the compound 
molecule. In general, the estimation of the active base gives the best 
control of purity, but the methods are often laborious and troublesome. 

It is often difficult to find a good method for the estimation of the active 
substance, whereas a simple and quick method for the estimation of the 
other part of the molecule is readily available. 

The British Pharmacopoeia, 1948, selects the estimation of the active 
base, and it must be said that this standpoint is scientifically rinassailable. 
For many substances the Pharmacopoeia describes assays on this principle, 
including Amethocainre Hydrochloridum, Amphetamine Sulphas, Cincho- 
cainas Hydrochloridum, Codein® Phosphas, Emetin® Hydrochloridum, 
Homatropin® Hydrochloridum, Mepacrin® Hydrochloridum, Mepacrin® 
Methanosulphonas, Morphin® Hydrochloridum, Morphin® Sulphas, 
Quinidin® Sulphas, Quinin® Bisulphas, Quinin® Dihydrochloridum 
Quinin® Hydrochloridum, Quinin® et /Ethylis Carbonas, Quinin® Sulphas 
and Strych^® Hydrochloridum. The principle of estimation of the active 
part of the molecule, however, is not introduced in the monographs on 
Apomorphin® Hydrochloridum, Atropin® Sulphas. Butacain® Sulphas, 
Cocain® Hydrochloridum, Diamorphin® Hydrochloridum. Ephedrin® 
Hydrochloridum, Hyoscin® Hydrobromiduro, Papaverin® Hydrochloridum, 
Physostigmin® Salicylas, Pilocarpin® Nitras and Procain® Hydrochloridum. 
Possibly the assay is not introduced in these monographs, because some of 
the alkaloidal salts have a sharp melting-point or a sufficiently narrow 
meltmg-range to guarantee the purity of the drug. 

Four methods for the determination of the purity of such compounds may 
be discussed. 


1. The Method of the British Pharmacopceia, 1948. In this the base is 
liberated by alkali from a solution of the salt and extracted by shaking 
several times with a suitable solvent, the solvent is evaporated^ and the 
residue is dried and weighed or titrated. Such assays involve much work, 
and cannot be indicated as simple pharmacopoeia methods. 

2. Chromatographic determination. This method was described bv 
Rcimers, Gottlieb and Christensen.^. 1 have used it for the salts of cincho'- 
caine, cocaine, emetine, diethylmorphine physostigmine, pilocarpine pro- 
caine, scopolamine and tetracaine, and find that it gives very good results 

f the apparatus is kept ready for use and the worker has some experience 
the chromatographic method requires less time and material tLn the 

a solvent. It is a condition for good result 

Sc f goSTZption tst"""'' 

3. Titration of the add. This gives the correct percentage of the alkaloid 
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if it is correctly neutralised by its equivalent quantity of acid, and it is 
possible, by determining the acid part of the molecule, to get good control 
of the purity. The method is simply and quickly performed by titrating the 
alkaloidal salt solution with OTN sodium hydroxide, using phenolphthalein 
as indicator. If the alkaloid precipitates on adding sodium hydroxide solu- 
tion, alcohol or chloroform is added to dissolve it. The method is used 
in the Netherlands Pharmacopoeia for all the alkaloidal salts. If the alkaloid 
is not correctly neutralised in the salt, the titration will show a high per- 
centage of alkaloid if there is too much acid, and a low percentage if there 
is too much base. It is possible to show that the alkaloidal salt has the 
correct composition by determination of the pH of an 0-lN solution. This 
can be calculated from the dissociation exponent of the base or estimated 
colorimetrically or electrometrically. Kolthoff* and SchoorP have recorded 
the pH values of several alkaloidal salt solutions. Table I gives figures, 
determined in my laboratory, for the pH values of alkaloidal solutions of 
various concentrations 


TABLE I 


— 

0 I N 

1 

pH 

0 01 N 

pH 

I per cent 

pH 

Cmchocainas Hydrochlondum 

4 75 


— 

Pilocarpinse Hydrochlondum 

4 58 

4 73 

— 

Procaine Hydrochlondum 

5 72 

— 

5-82 

Ethylmorphinas Hydrochlondum 

4 58 


1 5*10 

EmeUns Hydrochlondum 

5 23 


1 5-25 . 

Hyoscins Hydrochlondum 

— 

— 

1 4-9’ 

Homatropin* Hydrochlondum 

5 79 

— 

1 “* 

Codeins Pbosphas 

4 24 

— j 

1 — 

Dihydrocodemons Bitartras 

3-32 

1 

— 

Dihydro-oxycodemone Hydrochlondum 



6 12 1 

— 

Acetyldimethyldihydrothebains Hydrochlondum 

1 

5 85 

- 


The following experiment proves that the determination of the pH of 
an alkaloidal salt solution is a very good method for the control of purity 
and correct composition. 

To a sample of atropine sulphate a small quantity of acid or of alkaloidal 
base was added to ascertain if the pH change of the solution was practically 
measurable. Both substances caused a considerable change in the pH of 
the solution. Figures are given in Tables II and III. 


TABLE U 


The effect on pH of the addition of acid to a solution of atropine SULPH-ATE 


Concentration 

pH 

pH after 
addition of 
0 05 ml 
ofNM acid 

Difference 

pH after 

1 addition of 
0 1 ml 
ofN/I aad 

Difference 

712 mg. of atropme sulphate in/| 
20 ml of water ^ ( 

5 10 

5 09 

5 10 

' 4 20 
, 4 18 
; 4 18 

i 

1 -0 90 

-0 91 
-0 92 

3 78 

3 76 

3 76 

~1 32 
-1*33 
-1-35 


The conclusion is that the pH determination is a very good test for the 
correct neutralisation of the base by the acid. 

4 Double Titration This method^ consists of a titration of the acid and 
basic parts of the molecule A milli-equivalent of the ^kaloidM Mit is 
dissolved in 5 ml. of water, this solution is mixed with 15 of ^cohol 
(96 per cent.) and titrated with 0-1 N sodium hydroxide with phenolphthalein 
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as indicator. Theoretically 10 ml. should be required. Then bromothymol 
blue is added and the liberated base is titrated by OT N acid, of which also 
10 ml. should be required. In the first titration, the first pink colour gives 
the end of the titration. Strong bases (atropine, emetine, etc.) which are 


TABLE m 

The effect ok pH of the ADonroK of atropine base to a solution of atropine 

SULPHATE 


Concentralion 


I 


pH 


pH after addition ( 
of 10 mg. of base | 


Difference 


7 1 2 mg. atropine sulphate m 20 mi. 
of -water 


4-90 
4 91 
4 93 


7-90 1 t-3-W 

7-94 I +3-03 

7-94 • -i-3-03 

1 


alkaline to phenolphthalein must be extracted by means of an organic solvent 
such as chloroform. For the second titration, the alkaloidal base must 
be dissolved in as little alcohol as possible. If the alkaloidal base is extracted 
and dissolved in chloroform, it is possible to ; (a) add an excess of acid and 
extract the base in the aqueous layer, after which the free acid is titrated 
With sodium hydroxide; (b) evaporate the solution and dry the alkaloid 
(if not volatile) dissolve it in an excess of 0-lN acid and titrate with OTN 
sodium hydroxide. The double titration can also be done with microburettes, 
and only a small quantity of material is then required. The method gives 
good control of the correct neutralisation of the alkaloid by the acid and 
also of the correct composition of the drug and directly the percentage of 
the active principle. 

The conclusions of my experience are: 1. The direct detenniDaiion of 
the active principle is scientifically unassailable but often requires com- 
plicated assays; 2. The direct determination by extraction with a solvent 
can be replaced by a chromatographic determination if a pure aluminium 
oxide IS available; 3. The active principle can be determined indirectly bv 
a simple titration of the acid part of the molecule and the determination 
of the pH of a dilute solution of the alkaloidal salt; 4. The same result can 
be obtained by the double titration of the acid part and alkaloid. 

Methods (3) and (4) can be recommended for the control of purity and 
correct composition for all alkaloidal salts mentioned in the Pharmacopceia 
where there is no assay prescribed. ^ 

The author wishes to express his sincere thanks to Mr. J. S Faber Con 
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THE CHEMISTRY OF THE POLYSACCHARIDES by R. J. McJlroy. 
Pp. 116 and Index. E. Arnold & Co., London, 1948, 10s. 6d. 

Though the nature of the simple sugar units present in polysaccharides had 
previously been recogm’sed from examination of hydrolytic products, it is only 
in the last sixteen years that techniques have been developed which have led 
to our present conceptions of the chemistry and structure of a wide range of 
polysaccharides and their derivatives, of both animal and vegetable origin. 
It was in 1932 that Haworth and Machemer showed that with methyl alcoholic 
hydrogen chloride, the terminal unit of fully methylated polysaccharides was 
obtained as a methylated methyl glycoside and that by refined distillation 
methods it was then possible to separate and determine the proportion of the 
terminal unit. Haworth’s “ end group assay method ” has since been widely 
applied. It has led to our present knowledge of the chemistry of starch, including 
both the water-soluble component, amylose, and the water-insoluble component, 
amylopectin, as well as to confirmation of the amylose-nature of the ‘synthetic’ 
starch obtained by Hanes in 1940 by submission of glucose-/-phosphate to 
the action of a purified phosphoiylase obtained from potato tuber juice. It 
has led also to modem conceptions of the chemical nature of cellulose, of the 
pentosans, of glycogen, of mucilages and gums, of carbohydrate products of 
bacterial metaboUsm, and of the immuno-polysaccharides. The importance 
on the one hand of the carbohydrate sulphuric ester, heparin, the natural 
blood anti-coagulant stored in the liver and heart, and on the other hand 
of the antigenic polysaccharides derived inter alia from pneumococci, 
tubercle bacilli, and the relation of carbohydrate haptens to the polyuronides 
(gums), are such as to emphasise medical aspects of the need for development 
of knowledge of polysaccharide chemistiy. The advancing front of chemical 
study of polysaccharides of diverse origin is now such that there has been 
real need for a concise readable resume of modem developments in the field. 
This need is admirably met by the book under review. The structure of relevant 
monosaccharides is discussed briefly as an introduction to an account of 
modem methods of determination of polysaccharide stracture. Chapters follow 
on starch and cellulose, glycogen, levans, galactose-, mannose-, amylase- and 
immuno-polysaccharides, and the polyuronides including hemicellulose, pectin, 
gums, mucilages and alginic acid. Part II of the book describes the derivatives 
of monosaccharides of importance in polysaccharide investigations, methods 
for estimation of carbohydrates, the utilisation of carbohydrates in am'mal 
and plant metabolism, the role of carbohydrates in immunology, and the 
identification of sugars and sugar acids. An appendix completes the survey 
of available literature to September, 1947. A comprehensive fist of references 
at the end of each chapter permits extensive condensation of the text without 
in any way detracting from the clarity of the discussions. The book can be 
commended to all those who, unable to keep in touch with an ever expanding 
literature of a developing subject, yet desire, or have need, of an up-to-date 
knowledge of the methods of investigation, the problems arising and the results 
achieved in this important branch of chemistry. F- Hartley. 

THE BASIS OF CHEMOTHERAPY by T. S. Work and E. Work. 
’Pp. 435 + XX. Figs. 42. Oliver and Boyd, Ltd., Edinburgh, 1948, 26s. 

It is refreshing to receive for review a new work founded upon an 
original idea The book was designed to give young research workers a 
broader and sounder basis for the study of chemotherapy. It is my belief 
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that this aim will be achieved, but I would not call the work a text-book, 
rather, it is a scientific monograph. After a short historical survey, me 
succeeding chapters. Cell Metabolism; Essential Metabolites; Enzi'me Inhibi- 
tion; Drug Antagonism; Drug Resistance, lead logically to the fina.1 con- 
sideration of the relation of structure and activity'. In each case the known 
facts are discussed in relation to their effect on the problems encountered 
in chemotherapy. The whole is ver\- stimulating to thought, and, as one 
reads, research problems frequently suggest themselves. The authors them- 
selves admit that quicker results in chemotherapeutic research inay yet be 
obtained by the older empirical method than by following suggestions based 
upon knowledge of reactions taking place in living cells. For some time 
it will be more important to gain a more accurate knowledge of such 
reactions than to apply them to chemotherapy. It may be that the chemical 
reactions of living cells may never provide the basis for chemotherapeutical 
design because of the similariU' of one cell with another. The cells of the 
host and those of the invading organism may be too much alike in chemical 
sensitivities to be differentiated in this way. However, no matter what the 
ultimate result may be, the worker m the field of chemotherapy cannot help 
but benefit by a fuller knowledge of those subjects covered by this book. 
There is one little grouse that I would like to make. This book mentions 
a large number of medicinal chemicals, and in most cases ignores the 
Pharmacopceial names for them. Do all biochemists speak of thiamin 
rather than aneurine ? It would be better to include the official names, even 
thou^ they be given in brackets. The book is remarkably free from errors, 
and is exceedingly well documented (the bibliography covers 54 pages), the 
references including work done in 1946. Perhaps it would he fair to point 
out that the group of workers mentioned on page 334 did not simlhesise 
for the first time all the compounds treated in Table 34. The book affords 
the worker in closely related fields the opportunity of obtaining, in a sum- 
marised and palatable form, the results of research on the biochemistiy’ of 
the living cell, and I have every pleasure in recommending it hiahlv as 
accurate, authoritative and well WTitten. W. H. Liwell. 
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An Identity Test for Pheniodol 

Sir, During recent work in our laboratories an identification test suitable 
for routine analysis was r^uired for pheniodol, a-phenyl-^-(4-hydroxy-3 : 5- 
diiodophenyl)-propionic acid, but no assistance in this matter was obtained 
by a survey of the literature. Accordingly, we developed the following test 
which has proved satisfactory in the hands of several independent workers. 

Dissolve 0-5 g. in 15 ml. of 10 per cent, sodium hydroxide solution, wanning 
if necessary. Add 1 g. of zinc dust and boil the mixture under a reflux condenser 
for 20 minutes. Cool, filter, add excess of dilute hydrochloric acid and collect 
the a-phenyl-/3-(4-hydroxyphenyl)-propiohic acid. Wash with water and re- 
crystallise the product from alcohol-water mixture. The crystals, after drying 
at lOO^C., melt at 180° to 18l°C. The filtrate, from the acid after separation 
from^ the original reaction mixture, affords reactions characteristic of iodides. 

It is felt that this test may be of interest to your readers. 

Wellcome Chemical Works, Dartford. G. E. Foster. 

October 21, 1948 W. D. Williams. 


Silicotungstic Acid 

Sir, — ^In the discussion at the British Pharmaceutical Conference on our 
paper entitled “ The Chemical Determination of Anemine in Tablets and 
Ampoule Solutions ” (see Quart. J. Pharm. Pharmacol., 1948, 21, 370, 423) 
a question was asked as to the composition of the silicotungstic acid used in 
olir experiments. The composition may be of importance, as is reputed to 
be the case in the method of the Association of Official Agricultural Chemists 
for the determination of nicotine {Methods of Analysis, 6th Ed., p.74). We 
obtained the silicotungstic acid for our work from only one source and the 
suppliers have advised us that the composition varies sli^tly but approximates 
closely to H4SiWi2O40,24H2O. This corresponds to the formula quoted by 
the A.O.A.C. for the nicotine determination, 4H20,Si02l2W03,22H20. 

Roche Products, Ltd., Welwyn Garden City. D. C. M. Adamson. 

November 3, 1948. F. P. Handisyde. 

The Isolation of the Crystalline Anti-Pemicious Anamia Factor from Drer 
Sir, — ^Work on the anti-pemicious anamia (A-P-A) factor present in liver, 
in progress in these Laboratories for some years, has led to the isolation of 
a red crystalline compound from anahamin, probably identical with the 
vitamin Bi^ of Rickes et aP and with the crystalline A-P-A- factor of Smith 
and Parker^ The methods of purification employed by us, however, differ 
in certain respects from those hitherto revealed. Thus the observation that 
the A-P-A factor is extracted by n-butanol from its aqueous solutions in the 
presence of fairly high concentrations of ammonium sulphate^ enabled us to 
effect enrichment of the fractions at various stages of the process. Chromato- 
graphy was reserved only for the final purification. Columns of bentonite 
or aluminium silicate^ were used, and, under carefully controlled conditions, 
proved eminently satisfactory by giving rise to the formation of sharply defined 
red bands. These, after dissection and elution, gave material which readily 
crystallised in small red needles from aqueous acetone. 

• Our crystalline product, after drying in vacuo, contained 4-0 per cent, of 
cobalt, a figure identical with that reported by Smith^. In aqueous soluUons 
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it shows characteristic light absorption (see Fig.). A main band appears in the 
visible region of the spectrum with a maximum at 500 m/i and a “ shoulder ” 
ISO, . at approximately 520 mju, whilst two 

distinct maxima occur in the ultra- 
violet, one at 361 m/i and the other at 
278 mjti, with inflections at 322 m/r and 
304 mju. 

Several batches of the crystals have 
been hydrolysed with 20 per cent, hydro- 
chloric acid in sealed tubes at 100°C., 
and the hydrolysates examined by uni- 
dimensional paper-strip partition 
chromatography, using the technique 
described by Consden et al\ - The 

240 230 300 350 400 450 soo 550 600 ‘"^^on^^tograms obtained have consist- 
WAVELENGTH (m^). revealed the presence of only 

I-,- . , one substance reacting with ninhydrin. 

Usmg aqueous wobutync acid as the solvent, a pronounced purple spot appears 
on the paper at a pomt approximately mid-way between the positions occupied 
as s^lventrhnw «orvaline. With aqueous phenol or n-butmiol 
SthoSstS"’ I “ diminished in intensity 

unSef f amino-acids remains substantiaUy 

g . Experiments to detect the presence of purines® in A-P-A hvdrn 

S Vigorous SSy IS ^the X-P A 

as it is soluble in dilute alkalis and which is acidic in character 

This “acid” is insoluble i^ether ch unchanged on neutraUsation. 

in these solvents by the addition of ™^°daretone, but is rendered soluble 
absorption (m^Sd fn dtx,T) shLff ^^^t 

“shoulder” at 530 m;.. andTtSsiSlrtir'^^M ^ 

to the absorption of the A-P-A factor itsW^^^e'r f spectrum) 

ordination complex in the molecule after the ’c J®^®°^ton of a cobalt co- 
is surprising, but is paralleled by thi behS-iouTof’^^r?"^^'' hydrolysis 
SuppUes of the methyl ester of the “acid” Se nT ™®^al porphyrins, 

us to undertake its more detailed stul hemg accumulated to enable 

The authors thank Dr. R E StiicW fo,- ,1, , - . 

thl!'"'' ^I^^'^tors of The BriUsh Dr^g Houses^ S 

these results. ^ nouses. Ltd., for permission to publish 

Research Department, 

The British Drug Houses, Ltd., London N 1 ' v ' 

November 24, 1948. ’ ’ V. Petrow. 

. G. F. Snook. 

5; ^ -- and Sno.. ' 

Vischcr and Charcaff^ A, I944 30 

y- Smith, A<m.rr?9"4f,^i,*^/8. 1947.’ leT’lsf.’ 
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SCffiNTIFIC MEETING 

DRUG ACTION, IONS AND NEUTRAL MOLECULES 
by Adrien Albert. D.Sc. Ph.D. B.Sc., F.R.I.C. 

Summary of a paper read at the Norwood Branch of the Royal Institute 
of Chemistry, at the Norwood Technical Institute on December 6. 

Many drugs undergo ionisation and a number do so to different degrees at 
different pH values. The most significant changes in ionisation occur around 
the pH value at which the drug is 50 per cent, iom’sed, i.e., the pk^ value. 
Ions and molecules behave differently in their effects on drug action, 
especially in relation to chemical reactivity, adsorption and the penetration 
of membranes. An example of the first difference is shown by aniline, 
where the molecule is nitrated mainly in the para position, but the ion 
is nitrated in the meta position. Again the mono-anion of ascorbic acid is 
easily autoxidised, whereas the di-anion and the molecule are both quite 
stable. A distinction is made between general and specific adsorption. In 
the former, the drug is rejected by water because of a relative lack of 
hydrophilic groups and becomes adsorbed on any surface which offers itself. 
In such cases the molecule is usually more highly adsorbed than the ion, 
because the latter is hydrated at one end. In specific adsorption the drug, 
which may have many hydrophilic groups, is specifically attracted to cellular 
receptor-groups by reason of having a complementary structure. This often 
takes the form of the drug being kationic and the receptor anionic, or vice 
versa. In such a case, only the ion can be adsorbed. Generally, for any one 
substance, the molecule penetrates much faster than the ion. The principal 
barrier to the penetration of an ion is the strong attraction between its charge 
and the oppositely charged groups on the cell membrane. However, if ions 
are provided with lipophilic groups, penetration is considerably improved. 

In view of these marked physico-chemical distinctions between ions and 
molecules, it is not surprising to find that some drugs (such as the acridine 
antibacterials) have ions that are many times as active as the neutral 
molecules. Other drugs are known (e.g. benzoic acid) where the activity 
is proportional to the amount of non-ionised material present. Information 
of this kind can be gathered from reasonably simple experiments, in which 
firstly a given drug is examined biologically over a range of pH values and 
then a series of related substances, differing widely in pk* values, is examined 
at the physiological pH value (pH 7). 

Such information is of considerable practical use. Modern knowledge 
of inductive constants enables the pk* of a substance to be varied at will 
by the insertion of appropriate groups, so that ionisation can be either 
increased or repressed at a given pH value. In some classes of drugs, such 
as the sulphonamides, a more complex picture is presented, where the maxi- 
mum activity is obtained when the drug is half ionised. The usual inter- 
pretation of this is that the neutral molecule is required in order to penetrate 
into the cell, but that the ion is regenerated within &e cell (according to the 
law of mass action) and is, of the two, the more biologically active. 



NEW REMEDIES 

The asterisk {*) after the name of an article indicates that the information 
given is derived from the makers^ publications. Further information regarding 
these articles may be obtained by application to the Editor. 

Benecol* is an extract of mammalian intestinal mucosa, standardised on its 
content of erepsin, the mixture of proteolytic enzymes secreted by the intestine 
and responsible for the final stages of protein degradation to amino-acids. 
It is claimed that administration of this extract compensates for the poor 
intestinal functioning commonly associated with arthritis. It is administered 
in capsules, which pass unchanged through the stomach and disintegrate high 
in the small intestine, the dosage being 1 capsule 3 times daily, increased 
to 3 capsules 3 times daily, between meals. The treatment is continued for 
several months. Benecol is indicated in rheumatoid arthritis and in all types of 
rheumatic disease and is issued in boxes containing 100 capsules. s. l. w. 


Diamidin* is a proprietary brand of 4 ; 4'-dianiinodiphenylsulphone disodium 
formaldehyde sulphoxi'late, and is claimed to have given promising results in 
the oral treatment of leprosy. The dose is 0-33 g., increased to 1 g., daily, at 
least 6 months’ treatment being required before clinical effectiveness can be 
evaluated. A combination of promin intravenously and diamidin orally has 
been suggested as a logical procedure. The treatment may ^ve rise to various 
toxic reactions, and the blood picture must be watched carefully; it is common 
for patients to develop an anaemia during the initial stages of treatment. Enteric- 
coated tablets of dianudin, each containing 0-33 g., are supplied in bottles of 
100 and 1,000. s. l. w. 

Nicorbin* is a combination of aneurine hydrochloride, 1 mg., ascorbic acid, 
25 mg., and nicotinic acid, 10 mg., in tablet form. 3 tablets supply the . 
approximate daily adult requirements for these vitamins. The tablets 
’ are indicated in minor deficiency states manifested by debility and fatigue 
md for routine prophylaxis during pregnancy and lactation." Nicorbin is 
issued in bottles of 25 and 100 tablets. s l. w 


Pectalin* is a suspension of colloidal kaolin, 40 gr., with pectin, 8 gr., in a 
rarminative vehicle. It is administered in a dose of 1 or 2 tablespoonfuls 
fom-hourly to adults, in the treatment of bacillary dysentery, diarrhoea and food 
poisomng; it is also of value in the treatment of the summer diarrhoea of 
infants. It is issued in 8 fl. oz. bottles. s , 


Somalcos is an aqueous solution containing 10 per cent, of sodium camphor- 
sulphonate for mjeebon. It possesses the stimulating action of camphor on 
rapirauon and cuculauon, but is more rapidly absorbed and is practically 
non-toxic. It is eniployed by subcutaneous, intramuscular or intravenous 
mjccuon, m a dose of 1 or 2 ml. as a restorative in collapse, especiaUy in pneu- 
monia and acute fevers. In cases of poisoning by carLn mSde S or 
^5 ml. may be givel intravenoX Kh ^uSe^ 
wals onft^!.°' '^Poule containing 0-1 g. in 1 ml., ind in 


S. L. W, 
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prevented this conversion occurring. 'The former suggestion appeared 
to be contradicted by the observations of Chaikoff and his collaborators^ 
on the formation of radio-diiodotyrosine and radio-thyroxine in isolated 
slices of thyroid,' for they found that thiouracil, thiourea and the 
sulphonamides inhibited this formation, while in no way hindering the 
.uptake of iodide by the slices from the fluid medium in which they lay. 
However, this was not convincing proof of the mode of action of anti- 
thyroid drugs in the mtact animal, for it could be argued that the 
transference of iodide from an artificial fluid into the thyroid cell was 
a very different process from the transference of iodide from capillary 
to cell in the living animal. , Thus while it was clear enough from 
Chaikoff’s work that the anti-thyroid drugs could prevent the formation 
of diiodotyrosine and thyroxine, it remained possible that in the intact 
animal they also prevented the thyroid from collecting inorganic iodide 
from the bloodstream. 

However, it presently became apparent from the work of McGinty 
and Sharp’, Astwood"* and Vanderlaan and BisseU’ that the iodine 
content of the thyroid, under the influence of anti-tbyroid drags, could 
stfll vary with the iodine content of the diet. Astwood^ showed that 
when rats, who were receiving adequate amounts of thiouracil in the 
diet, were given a single dose of iodide by injection, the total iodine 
content of the thyroid rose sharply as soon as 1 hour after the injec- 
tion, Vanderlaan and Bissell showed that the iodine thus taken up dis- 
appears again from the thyroid a short time later. Since it is unlikely 
that iodide could have become bound to protein and left the gland in 
so short a time it seemed probable that the temporary increase in thyroid 
iodine was all in the inorganic form. The three groups of workers also 
provided direct evidence that the iodine was, in fact, not bound to 
protein, and was therefore probably inorganic. Further confirmation 
came from the detailed studies of Vanderlaan and Vanderlaan® and of 
Taurog, Chaikoff and Feller’, who showed, by a variety of methods, 
that the iodine which enters the thyroids of rats treated with propyl- 
thiouracil is indisputably in the form of inorganic iodide. They showed 
that under these conditions the non-hyperplastic thyroid (of rats given 
a single injection of propylthiouracil I hour previously) concentrated 
iodide to about 25 times the concentration present in plasma. The hyper- 
plastic thyroid of rats chronically treated with propylthiouracil con- 
centrated iodide to about 250 times the concentration present in plasma^ 
unless the latter was inordinately high. 

This work shows that the thiouracil compounds do not prevent the 
thyroid from concentrating iodide to a high degree. But though iodide 
can enter the gland, it cannot become linked to protein. Therefore it 
cannot be retained in the gland. Thus Vanderlaan and Vanderlaan® 
showed that the normal rat thyroid can retain 20 times as large a pro- 
portion of a dose of radioactive iodine as can the thyroid of a rat which 
has had a single injection of propylthiouracil. The early observation of 
Astwood and BisselP, that treatment with thiouracil lowers the iodine 
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content of the thyroid, can now be explained. •Thiouracil does not stop 
iodine getting into the thyroid; it prevents it from being retained there. • 
Vanderlaan and Vanderlaan® also showed that thiocyanate prevented 
the concentration of iodide by the thyroids of rats treated with propyl- 
thiouracil and, moreover, caused any iodide which was present to ^ 
discharged. When thiocyanate is given, the concentration of iodide m 
the thyroid becomes approximately equal to that in the blood. Thio- 
cyanates can cause goitre, by preventing the thyroid from concentrating 
iodide. But if there is an excess of iodide in the diet — ^and hence in 
the blood — enou^ iodide can enter the gland even if the concentrating 
mechanism is out of action. Hence thiocyanates do not cause goitre in 
the presence of an excess of dietary iodide (Astwood®). 

The work of Vanderlaan and Vanderlaan®, and others, has thus shown 
very clearly the existence of two separate mechanisms in the -thyroid ; 
the mechanism which concentrates iodide from the blood, which is in- 
hibited by thiocyanate; and the mechanism which combines iodide with 
protein, and stores it in the gland, which is inhibited by the thiouracil 
derivatives. This new conception has been made use of by Stanley and 
Astwood® in a study of the uptake and discharge of radioactive iodide 
by the thyroid in normal and thyrotoxic human subjects. Under the 
influence of a thiouracil derivative the proportion of a tracer dose of 
iodide taken up by the thyroid is reduced, and the peak of the uptake 
curve is lower and reached much earlier. The work of Vanderlaan and 
Vanderlaan® makes it clear that what is being observed under these 
conditions is the uptake of inorganic iodide by the thyroid, and its 
rapid subsequent dilution by non-radioactive ic^ide, since the thyroid 
(under the Muence of thiouracil) is incapable of binding it to protein. 
The ability of thiocyanates to discharge iodide from the thyroid made 
it possible to estimate the proportion of the radioactive atoms which 
are built up into thyroid hormone under any given conditions. Thus 
if a thyrotoxic patient, under treatment with a thiouracil derivative, is 
given a tracer dose of radioactive iodide, and then (after an interval) 
an adequate dose of thiocyanate, the amount of radioactivity remain- 
ing in the thyroid region is an index of the proportion of the administered 
iodide which has been converted into thyroxine and is bound to protein. 
In this way an estimate is obtained of the efBcacy of the anti-thyroid 
drug being administered. The practical value of this method is excellent 
evidence that the conclusions of Vanderlaan and Vanderlaan® apply 
also to the human thyroid, whether normal or thyrotoxic. 


The Efeect of Thiouracil upon the Co.mbxnation of Iodine with ' 

Protein 

It may be assumed that iodine enters the thyroid in the form of in- 
organic ic^ide. But the normal thyroid contains little iodine in this 
morpnic form. It follows that very soon after its entry into the gland 
the todidc must enter into combination with protein. 

which this iodine-protein complex takes can at present 
indirect evidence. Taurog and Charkofl®® have 
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shown, that from the blood of normal animals there can be extracted — 
without the use of any destructive measures — a substance whose pro- 
perties correspond with those of thyroxine. The same method of 
extraction failed to remove a similar substance from the thyroid gland. 
Since this suggests that there is no free thyroxine in the gland, it may 
be supposed that the tyrosine which becomes iodinated to form 
thyroxine is already part of a protein molecule when the process takes 
place. Release of free thyroxine into the circulation would take place 
when this protein is broken down by enzymic action. 

This conception of the form in which the thyroid hormone is stored 
may be over-simplified. The question of the relative biological potency 
of thyroglobulin from the thyroid gland, and free thyroxine, is still un- 
settled. The most recent contribution to this question comes from 
Frieden and Winzler'’^. They compared the effect of various natural 
and artificial iodo-proteins in preventing goitrogenesis in rats treated 
with thiouracH. The biological potency of the natural thyroglobulin 
preparations was found to be decidedly higher than would be expected 
from their thyroxine content, as chemically determined. The implica- 
tions of these findings, if they are to be accepted in spite of other con- 
tradictory observations (which the authors review), are far from clear. 
They are presented here only to remind the reader that the idea that, 
thyroxine (the circulating form of the hormone) is stored in the thyroid 
by being incorporated into the molecule of a protein (thyroglobin), may 
not be a wholly adequate account of the situation. It is, however, a 
highly convenient working hypothesis, and is accepted here for purposes 
of further discussion. 

The analogy of the artificial iodoproteins suggests that iodine in the 
thyroid combines directly with part of a protein, so that the resulting 
thyroxine molecule is from its inception built into the structure of the 
parent protein molecule. The part of the protein with which the iodine 
combines is presumably the amino-acid tyrosine. Harington^^ pictures 
the synthesis of thyroxine as occurring in two stages : first the iodination 
of tyrosine to form diiodotyrosine, then the condensation of two diiodo- 
tyrosine molecules to form thyroxine. Oxidation is required for both 
stages, the first step being the conversion of iodide to iodine. Since, in 
the presence of thiouracil, iodide can no longer be brought into organic 
combination in the thyroid, it follows that thiouracil prevents the first 
step in the process, the iodination of tyrosine. However, Dempsey and 
Astwood'^ provided evidence that, even if this first step could occur, 
thiouracil would prevent the second, for diiodotyrosine was extremely 
ineffective in preventing thyroid enlargement in rats treated with 
thiouracil. This finding has been confirmed by Frieden and Winzler”. 

It may be assumed that thiouracil prevents the iodination of protein. 

It could do this by preventing the oxidation of iodide to iodine, or by 
itself combining with the free iodine after oxidation had occurred. The 
nature of the enzyme system which effects this oxidation is not known. 
Schachner, Franklin and Chaikoff^- showed that the conversion of radio- 
es 
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active iodine by isolated thyroid sUces to diiodotyrosme and thyroane 
is prevented by cyanide, azide, sulphide and carbon monoxide, 
all these agents inhibit the cytochrome-oxidase system, they concluded 
that this system was essential for the production of tbyroxme, and sug- 
gested that its function was the oxidation of iodide to iodine. 
ever, this enzyme system is of such general importance to the cell that 
its inhibition might well prevent thyroxine formation indirectly, even if 
some other enzyme were responsible for the actual oxidation of iodide. 

Another system which could oxidise iodide is the hydrogen peroxide 
peroxidase system (Westerfleld and Lowe'*). Keston'® showed that 
hydrogen peroxide and peroxidase accelerate the iodination of casern 
m vitro. Although there is histochemical evidence for the presence of 
this enzyme in the rat thyroid”, Glock'® and Astwood'* were quite unable 
to demonstrate it by chemical means. 

Whatever the nature of the enzyme system concerned there are at 
least three ways in which the anti-thyroid drugs might interfere with its 
action: they might poison the enzyme itself, they might compete with 
iodide as substrate or they might themselves combine directly with iodine 
and thus prevent its combination with protein. If cytochrome-cytochrome 
oxidase is the effective oxidative system, then the evidence that the anti- 
thyroid drugs act by enzyme-poisonmg is not good. It is true that 
Paschkis and others'® claimed that thiouracil inhibits the cytochrome 
oxidase system of the thyroid, both when added to isolated thyroid slices 
and when given to the intact animal. However, this enzyme system is 
responsible for such a large proportion of normal tissue respiration that 
this finding conflicts with Lemer and Chaikoff’s*® observation that 
thiourea, thiouracil and sulphonamides have no effect on the oxygen 
consumption of isolated thyroid slices. Indeed, the thyroids of rats fed 
on thiouracil have been found to consume more oxygen than normal 
glands (Jandorff and Williams"), presumably as a result of their relatively 
greater cell mass. It is scarcely likely that this could have occurred if 
the cytochrome oxidase of the thyroid had been inhibited to any serious 
extent McShan and others" and Dempsey” were unable to confirm the 
inhibition of cytochrome oxidase by thiouracil. 

Dempsey” has claimed that peroxidase activity in the follicular cells 
of the thyroid (as demonstrated by the benzidine reaction) is inhibited 
by thiouracil. Clock'* found that thiouracil and thiourea inhibited the 
actions of peroxidase and hydrogen peroxide on pyrogaUol; but as has 
been mentioned before, neither she nor Astwood* could find any evidence 
that peroxidase exists in the thyroid gland. Randall" examined the 
behaviour of anti-thyroid compounds m vitro in the presence of hydrogen 
peroxide and peroxidase. He showed that the effect of these compounds 
on peroxidase cannot be studied by methods invobrng the oxidation of 
dycs_(para-aminobenzoic acid red, 2 : 6-dichlorophenolindophenol and 
Mnzidinc blue), because they are such strong reducing agents that they 
decolourise the dyestuffs. Dempsey’s” histochemical evidence of 
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peroxidase inhibition by thiouraci] is therefore invalid. Furthermore, if 
the anti-thyroid compounds are added to hydrogen peroxide and 
peroxidase it is found that the hydrogen peroxide rapidly disappears. 
Under these conditions the anti-thyroid compounds do not inhibit the 
peroxide-peroxidase system; they act as substrate for it. Randall sug- 
gests, as a possible mode of action of these compounds in vivo, that they 
may act as reducing agents by competing for hydrogen peroxide as it 
is formed, and thus prevent it from taking part in the oxidation of iodide. 
It must, however, be remembered that there is no good evidence that 
the peroxide-peroxidase system is concerned in thyroxine formation in 
vivo. 

Thus the hypothesis that thiouracil and its derivatives act by poison- 
ing oxidative enzymes is unnecessary, and the evidence in its favour 
can no longer be regarded as substantial. The reducing powers of these 
substances are such that they could eashy act as substrate in competition 
with iodide. Equally, they could act by combining directly 'with free 
iodine as it is formed. The difference between these last two theories 
is not, from the physiological point of view, very great, for both state 
that the ability of the thiol compounds’ to prevent the synthesis of 
thyroxine is attributable to their reducing properties. However, since 
it has not been demonstrated that any peroxidase exists in the thyroid, 
the theory of direct combination with iodine seems the more acceptable. 

Direct evidence in favour of this last theory was first presented by 
Campbell, Landgrebe and Morga^*^ who showed that thiourea reacted 
with iodine to give formamidine disulphide. If this reaction ’occurs in 
the thyroid it would have the effect of keeping the iodine there in the 
reduc^ form. Later, Miller, Roblin and Astwood^® showed that 
thiouracil was similarly oxidised by iodine to its disulphide. They exam- 
ined a series of other compounds in a simhar way and found that there 
was a general correlation (with a few exceptions) between the speed of 
the reaction and the number of molecular equivalents of iodine with 
which a compound would react, and its goitrogenic power. Some re- 
ducing substances, however, such as glutathione, had a marked power of 
reducing iodine, but no goitrogenic activity. The same authors showed 
that thiouracil could inhibit the iodination of casein and tyrosine in vitro. 

More recently, Pitt-Rivers^® has shown that thiouracil and similar 
compounds can inhibit the in vitro formation of acetylthyroxine from 
acetyldiiodotyrosine. She demonstrated that when one of these com- 
pounds (tetramethylthiourea) is incubated with acetyldiiodotyrosine, 
iodine is slowly liberated and oxidizes the thiourea compound. The 
iodine is thus prevented from oxidising the acetyldiiodotjrosine, and no 
acetylthyroxine is formed. The ability of various compounds to prevent 
the formation of acetylthyroxine ran roughly parallel to their ability to 
prevent the synthesis of thyroxine in vivo. Thus the lodme-combming 
power of thiouracfi and related compounds provides a satisfactop' ex- 
planation of their action in preventing the formation of thyroxme m 
the living animal, even when diiodotyrosine is provided. 
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The Relative Effectiveness of the ANTi-THYRoro Drugs 
Two motives have prompted the various surveys of large numbers of 
chemical compounds' for their ability to inhibit thyroxine synthesis; on 
the one hand, the desire to define the chemical grouping responsible 
for the physiological efiect; and on the other hand, to find the most 
suitable substance for the control of thyrotoxicosis. The first of these 
objectives has not been attained; indeed, it is not likely that it will be 
attained, at least in terms of conventional orpnic chemistry. The search 
for useful therapeutic substances has met with more success. 

The methods which have been evolved to compare the various sub- 
stances belong to three broad types; the purely chemical, the use of 
slices of thyroid tissue in vitro, and tests on intact animals. Miller, 
Roblin and Astwood^^ showed that thiouracil could inhibit 'the iodina- 
tion of casein in vitro, by itself reacting with the iodine present, and 
examined the ability of a number of anti-thyroid compounds to react 
with iodine. Pitt-Rivers-“ compared the ability of various anti-thyroid 
compounds to prevent the conversion of acetyldiiodotyrosine to acetyl- 
thyroxine. The results of these two methods are in reasonably good 
agreement with each other and with tests on animals. Thus the thiourea 
derivatives are a great deal more active in both tests than are the 
sulphonamide derivatives. Thiouracil is decidedly more active than 
thiourea. The principal discrepancy is in the case of 6-aminothiouracil. 
According to Pitt-Rivers, this substance is much less active than 
thiouracil, but Miller, Roblin and Astwood found it equally reactive 
with iodine. In the rat^' and in man-® it showed no detectable anti- 
thyroid activity. 

The reducing action of a number of substances in the presence of a 
hydrogen peroxide-peroxidase system was examined by Randall^®. It 
was again evident that there was a rough conelation with the results of 
animal experiments. The sulphonamides were weak reducing agents, 
and thiouracil was more active than thiourea. 


Chaikog and his collaborators-’-- have studied the ’effect of various 
substances on the conversion of radiodide into radio-diiodotyrosine and 
radio-thyroxine by isolated slices of thyroid. These studies were very 
^aluable as providing the first evidence that the thiouracil group acted 
by preventing the synthesis of thyroxine and not the entry of iodide into 
the thyroid cell. For purposes of comparison of various anti-thyroid 
substances they are less useful, since for the most part substances were 
only tested at a single concentration. At the concentration generally 
used by these workers (lO” M) both thiouracil and thiourea inhibited 
the formation of radio-thyroxine virtually completely; in the case of the 
sulphonamides and para-aminobenzoic acid the degree of inhibition was 
a liulc less. 


For t«ts on intact animals, rats and chicks have been most commonly 
used The results obtained in laboratory animals have been extended 
> studies of the effects of anti-thyroid compounds on radio-iodine up- 
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take by the thyroid in the normal human subject, and by clinical trials. 
Using the rat as test animal, Astwood and his colleagues alone have 
examined more than 300 substances®-^". The method used has been to 
administer the substance under investigation either in the food or the 
drinking water for 10 days. The animals are then killed, and the 
thyroids weighed and either examined histologically or kept for estima- 
tion of the iodine content. These methods have fully justified them- 
selves as a means of rapid examination of a large number of possible 
anti-thyioid substances. The lesuhs obtained, however, should not he 
accepted uncritically as giving a quantitative measure of the ability of 
a substance to prevent the synthesis of thyroxine. For thyroid weight, 
histological appearances and iodine content in this test depend not only 
on the completeness v/ith which thyroxine synthesis is inhibited, but also 
on the rate at which preformed thyroxine disappears from the gland. 
This is in turn determined by such factors as temperature and perhaps 
food intake"®. The presence of many of the anti-thyroid substances in 
the diet diminishes food intake and slows growth. Astwood’s®" figures 
show that even a substance as little toxic as propylthiouracil causes a 
marked fall in growth-rate at the higher dose levels. This fall in growth- 
rate is associated with a less marked increase in thyroid weight and a 
less marked fall in thyroid iodine. Determination of total thyroid iodine 
is also open to fallacy because it depends on dietary iodide, which may 
change unexpectedly. When these known sources of error can be ex- 
cluded there still remains the unexplained phenomenon (discussed By 
Astwood^) of the variations in the shape of the dosage curve from one 
substance to another. The thiobarbiturates, for instance, give an in- 
creased thyroid weight and decreased thyroid iodine at a low dosage; 
with increasing dosage, however, these effects do not increase propor- 
tionately, so that it is never possible to produce a really large goitre with 
these drugs. This result does .uot seem to be due to decreased food 


intake^". 

For the reasons given above, this type of test in rats is not suitable 
for exact quantitative work. Observation of the effect of anti-thyroid 
compounds on the uptake of radio-iodine by the thyroid is in some ways 
more satisfactory. . The results of such tests are at present available for 
the normal human subject. The method employed by^ Stanley and 
Astwood"® was to give tracer doses of I"®" (without carrier) and then 
measure the increase in radio-activity over the n^k. By plotting the 
count against the square root of time an approximation to a straight 
line could be obtained, for a sufficiently long period. The drug to be 
tested was then administered and the amount of downward deflection 
of the straight line noted. The responses were graded by degree and 
duration into 5 classes of increasing inhibition. The method is open 
to the criticism that the final measurement is not a quantitative one. 
Nevertheless it has yielded interesting results, and is a much more useful 
test for clinical purposes in that the experimental animal used is man. 

The results obtained in this way show the sulpbonamides to be even 
weaker, relative to the thiourea group, than m other tests, m fact, 
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sulphadiazine had no detectable anti-thyroid action in a 500 mg. dose. 
This agrees well with the experience gained in the late war, when large 
numbers o£ American troops were given sulphonamides for long penods, 
as a prophylaxis against streptococcal infections; no goitre was reported. 
This finding is in contrast with tests in the rat”, which show sulphona- 
mides to be about as active as thiourea. 

Thiourea, on the other hand, showed a much greater activity than 
would have been expected on the basis of its action in vitro and in the 
rat. In Stanley and Astwood’s tests in man thiourea proved as potent 
as thiouracil. The smaller effect in the rat may perhaps be explained 
by the great loss of appetite which thiourea causes in this animal. Since 
thiourea is more soluble than thiouracil, it may be that it penetrates 
more easily into the thyroid, and thus has a greater potency in Stanley 
and Astwood’s tests than would have been predicted from its behaviour 
in vitro. 

The results obtained with 6-substituted thiouracils are also of interest. 
In the rat, thiouracil, 6-methylthiouracil and 6-u-propylthiouracil have 
relative potencies in the order 1:1:11. In man, the order is 1:2:0-75. 
The reason for the discrepancy is not apparent. Propylthiouracil causes 
an initial loss of appetite and failure to grow in the rat to about the 
same extent as the other two compounds. The results of Stanley and 
Astwood’s tests on these three compoimds are in fairly good agreement 
with clinical experience; although the minimal doses necessary to give 
a full response have never been accurately determined, they are of the 
order of 200 mg. daily for methylthiouracil, and 300 to 400 mg, daily 
for the other two compounds. 

The most potent substance tested by Stanley and Astwood was 2- 
mercapto-imidazole. This substance had T5 times the potency of 
thiouracil in the rat, but 10 times the potency in man. There are a 
number of less striking discrepancies between the values obtained for 
man and the rat, for which the original paper” should be consulted. It 
is sufficient here to say that the existence of such discrepancies must dis- 
courage any attempt to correlate anti-thyroid activity with detailed 
chemical structure. 


The significance of these findings to the clinician is not very apparent. 
The mere fact that minute doses of a compound, such as 25 mg. of mer- 
capto-imidazole, can cause prolonged inhibition of thyroxine synthesis, 
docs not of itself mean that this is the ideal drug for clinical purposes! 
It might well be, for instance, that such a drug would produce more 
toxic reactions than another which had to be used in 10 or 20 times 
the dose, in order to inhibit thyroxine synthesis. Clinical reports on 
the practical utility of this drug are not yet available. 


In fact, the number of effective anti-thyroid drugs available to the 
chnician is cmbarassingly large. If a test could be devised which would 
estimate the proportion of “ toxic reactions ” to be expected clinically 
It would be of great practical value. Unfortunately, no such test exists 




73 



W. R. TROTTER 


at present All our knowledge of toxic effects' comes from clinical ex- 
perience and is almost useless for purposes of comparison of one drug 
with another. The only common toxic reactions are drug fever, and 
rashes; the only dangerous toxic reaction is agranulocytosis. All three 
of these effects are classed as “ idiosyncrasies that is to say, they only 
occur in certain subjects who are said to be “ sensitive ” to the drug in 
question. The only way we have of estimating the toxic properties of 
these drugs is to give them to a large number of subjects, and note the 
proportion who get these reactions. The accumulated clinical experience 
up to the present date shows that thiobarbital and aminothiazole are 
too toxic for routine use, and that thiouracil is more toxic than methyl- 
thiouracil or propylthiouracil. These are crude statements of clinical 
experience, and it is very desirable that they should be amplified by 
further pharmacological research. In this connection, the observations 
of Lehr^“ on toxic reactions with sulphonamides are of considerable in- 
terest. With these drugs also the common toxic reactions are drug fever 
and rashes. Lehr presents evidence to show that, although these re- 
actions fall into the category of sensitisation phenomena — i.e., they only 
occur in susceptible subjects — their incidence still shows a relation to 
dosage. Since there appears to be a critical dosage, below which no 
reactions occur, he suggests that combinations of two or three different 
sulphonamides should be used. Since each sulphonamide would be given 
in a dose less than the critical one, no toxic reactions should occur. The 
use of such combinations has, he claims, reduced the incidence of toxic 
reactions in practice. He suggests that the same line of reasoning might 
well be tried with the anti-thyroid compounds. 

It is always assumed that similar toxic reactions do not occur in 
laboratory anim als. The present writer is not aware, however, that 
there has been any large-scale attempt to discover whether or not a 
small proportion of animals have, say, a transient bout of fever during 
the administration of thiouracil. It may be that we are too apt to assume 
that rats cannot display as much individuality as human beings. How- 
ever, the stimulus to such investigations has to a large extent passed, 
since in the doses used at present methylthiouracil and propylthiouracil 
seldom cause alarming reactions. 


The Significance of Naturally Occurring Anti-Thyroid 
Substances 


It is established beyond all reasonable doubt that an extreme deficiency 
of iodine in the diet can cause goitre, and that the mechanism by which 
such goitre is produced is similar to that of the thiouracil goitre; that is 
to say, in the absence of iodine no thyroxine can be formed, hence a com- 
nensatory overactivity of the pituitary occurs, with consequent thyroid 
enlargement. It is also established that, even where iodine Jack is not 
pxtreme there is a general inverse relationship between iodine content 
S the soil and water, and the incidence of goitre. But this i^se 
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relationship does not always hold in detail. Hence, if the occunenw 
of simple goitre is to be fully explained, some other cause must be sought 
for which is sufficient to produce goitre in areas where the dietary lodme 
is not low enough to be goitrogenic by itself. 

Since Chesney, Qawson and Webster^* first described, in 1928, the 
production of goitre in rabbits by feeding cabbage, a number of different 
foodstuffs have been found to cause goitre in animals. Among such 
foodstuffs are soya-beans, rape-seeds, turnips and peanuts. Some of 
the evidence is, however, curiously conflicting. Thus Chesney, Clawson 
and Webster’s results were confirmed by McCarrison^^ in India and 
Spence, Walker and Scowen"^ in this country, but Hercus and Purves®^ 
in New Zealand and Zeckwec^= in U.S.A. found the goitrogenic pro- 
perties of cabbage to be weak and uncertain. Webster, Marine and 
Cipra^® explained these anomalies by showing that there were marked 
seasonal and year-to-year variations in the potency of cabbage. 1928-9 
was a vintage year, for cabbage maturing in that winter produced palpable 
goitres in 7 to 10 days. Similarly, Hercus and Purves^* found a great 
variation in the goitrogenic activity of turnips when tested on rabbits. 
Turnips from an area where outbreaks of congenital goitre in lambs had 
occurred caused large goitres in rabbits in 1933, but not in 1934. 


Recently Greer and Astwood®® have tested some 60 different food- 
stuffs for their ability to check the uptake of radio-iodine by the thyroids 
of normal human subjects. The technique was the same as that pre- 
viously used by Stanley and Astwood^® in their survey of the effect of 
various anti-thyroid substances in man. The activity of several members 
of the Brassica group of vegetables was confirmed. Cabbage and turnip 
were both active, but swedes (rutabaga) even more so. However, 
several members of other vegetable groups were also active, such as 
peaches, pears, strawberries, spinach, lettuce, peas, walnuts and carrots. 
In nearly all these cases much larger quantities were consumed in the 
test than would ever be eaten in normal circumstances. However, pea- 
nuts, filberts and swedes showed some effect in relatively small 
quantities. Of the animal products tested there was some indication 
of anti-thyroid activity in milk, liver and oysters. As with previous 
investigations there was a wide variation in the response to the same 
foodstuffs in different trials. A significant depression of radio-iodine 
uptake followed a nuxed meal, consisting of raw carrots, swedes, lettuce, 
pears and milk. 


The importance of these results is two-fold. In the first place they 
show that many foodstuffs can have an anti-thyroid effect in man as 
well as in laboratory animals. The response to anti-thyroid substances 
vanes grratly from one species to another, so that this evidence is in- 
dispensable if a case is to be made out for foodstuffs as a cause of human 
goitre SKondly Greer and Astwood have shown that the range of 
foodstuffs in which anu-thyroid substances may be found is much gfeater 
than had previously been suspected. ° 
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Greer and Astwood have no further data to present on the nature of 
the naturally occurring anti-thyroid substance or substances. Such sub- 
stances could belong either to the thiocyanate group, which prevents 
the uptake of iodide by the thyroid, or the thiouracil group, which pre- 
vent the synthesis of thyroxine. In previous animal experiments it had 
been found that cabbage leaves and soya-beans resembled the thio- 
cyanates in that their effects were easily preventable by iodide, whereas 
those of rape-seeds, like thiouracil, were not. The mustard oils are de- 
rived from several members of the Brassica group, which contain a 
glycoside (sinigrin) and an en2yme, myrosin; in the presence of water 
these interact to form allyl isothiocyanate. However, isothiocyanates 
do not cause goitre in the rat^'^ 

In the presence of ammonia allyl isothiocyanate is readily converted 
to aUylthiourea. It was for this reason that Kennedy^’ originally sus- 
pected that aUylthiourea was the active principle in rape-seed. He de- 
monstrated that aUylthiourea could cause goitre in the rat. However, 
neither this nor any other active goitrogenic substance has actuaUy been 
isolated from any foodstuff. The nature of the substance or substances 
which cause the effects noted by Greer and Astwood therefore remains 
unknown; in the absence of direct evidence the balance of probabilities 
seems to favour a member of the thiourea group, but the thiocyanates 
may also make a contribution. 

It is difficult to assess the practical importance of these findings. In 
the case of many of the foodstuffs noted as giving a positive result the 
deflection of the iodine uptake curve was a very minor one, and was, 
moreover, often inconstant in different trials. It does not necessarily 
foUow that such minor deflections are of any significance to the human 
organism. In the normal thyroid, with its ample reserves of stored 
hormone, partial inhibition of th5n:oxine synthesis would not be reflected 
by any change in blood thyroxine levels unless such inhibition had per- 
sisted continuously for long periods. Clinicians who have tried to pro- 
duce myxcedema in subjects with normal thyroids for therapeutic 
reasons are well aware that many months of intensive treatment with 
anti-thyroid drugs are necessary before goitre results. 

If foodstuffs are an important cause of goitre (apart from their iodine 
content) they are likely to be so when the iodine intake is already low, 
and when a highly abnormal diet is being consumed. Greer and 
Astwood^® have noted the occurrence of goitre in individuals on vege- 
tarian diets, or who developed a craving for certain foods, such as lettuce. 
Bastenie has brought forward evidence which suggests that there was 
an increase in simple goitre in occupied Belgium during the last war. 
The population at that time lived on a largely vegetarian diet, in which 
Brassica roots were prominent. It is conceivable, as Bastenie suggested, 
that this diet was responsible both for the increase in simple goitre, and 
also for the apparent decrease in the severity of thyrotoxicosis, which he 
considered was occurring at the same time. 
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The commonest current methods employed for testing the action of 
neoarsphenamine are those in which the drug is injected into mice or 
rats already lightly or heavily infected with Trypanosoma equiperdum 
on a previous day. Blood specimens removed from every animal are 
examined daily, involving the counting of many squares of the counting- 
chamber, before deciding whether or not the animals are cured. These 
methods are laborious and time-consuming, and for this reason, and 
because of other disadvantages, Biilbring and Bum^ proposed that the 
activity of a preparation should be estimated from the survival times 
of mice infected and treated on the same day. In the present work, this 
method has been extended and examined statistically. 


Method 

Blood taken from rats which had been infected 2 days earlier was 
diluted with 1 per cent, sodium citrate solution till it contained 7,000 
trypanosomes in 1 microlitre. Mice weighing about 16 to 18 g. were 
infected by intraperitoneal injection with 0-5 ml. of this trypanosome 
suspension. Neoarsphenamine was injected intravenously in 0-2 per 
cent, solution within 2 hours from the time of infection. The doses 

were calculated in proportion to the 
30 ^ body weight. The usual precautions 

to prevent the oxidation of the 
neoarsphenamine were taken. 
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Results 

The results of a preliminary pilot- 
experiment provided a curve relating 
dosage with survival time. Seven 
groups each of 15 infected mice were 
injected with graded doses of 
neoarsphenamine ranging from 
13-9 p.g.(g. of body weight upwards 
by steps of 20 per cent. From 2 
days after the infection the mortality 
was noted every’hour for 36 hours. 
After that, observations at night 
were discontinued. For the two 
highest doses the mortality was noted only once a day. A control 
group of 40 mice was followed at the same time. The survival time- 
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Dose /ug/g-Log scale 

Fig. 1. Survival in hours from the 
time of infection for the median in 
every group. 

Untreated. • Treated. 
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dosage curve was drawn from the medians of the survival times in every 
group (see Fig. 1). All animals, except those receiving the highest dose, 
died, the last mouse surviving until the 15th day. In the highest dose 
group, i.e., those receiving 41-5 [ig.Jg., 3 animals survived, the last one 
dying on the 18th day. Since we rarely found any animals dying after 
this time it was decided that any mouse living beyond the 18th day 
.should be counted as definitely cured. 
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Using this basis we observed which function of survival time had a 
normal distribution. In toxicity tests in which the lethal time is de- 
layed, some function of the time elapsing between the time of injecting 
the animal and its death can be found to be normally distributed, and 
the standard deviation of this function becomes a suitable measure of 
the varying sensitivity of. the animals to the drug. Since the untreated 
infected controls show differences in their survival times,- these were 
also determined and their limits of variation ascertained. 

Of the 40 controls mentioned above, 4 animals died during periods 
when observations were more infrequent. For the other 36, the time 
of death could be stated to within an hour. The percentage of animals 
that had died up to the various times was transformed into probits 
according to Bliss^. These values were then plotted on graph paper 
with the probits along one axis and the time or the logarithm of the 
time along the other, the time being measured from the moment when 
the animals were infected {see Fig. 2 a and b). If the plotted function 
of time had been normaUy distributed, the points should have fallen 
mainly along a straight line. In neither case did this happen, however, 
but the points fell along curved lines. That this was not accidental 
could be seen from similarly curved lines with corresponding probit 
transformations for the lower neoarsphenamine doses, in spite of the 
small number of animals in each one of these groups. 


Every mouse was inoculated with about 3-5 million trypanosomes. 
In this way it received such a large number of trypanosomes that one 
hardly needs to take into account any differences in virulence between 
the infecting material of the different mice due to random variation. 
The dispersion of survival times will thus be mainly due to the host 
animals, i.e., the possibilities of growth for the trypanosomes in the 
different mice and the varying resistance of these to the fully developed 
infection. With intraperitoneal infection the conditions of growth may 
be regarded as nearly optimal, and so no great differences should exist 
between the different mice on this ground. This line of reasoning is 
confirmed by the results from the trypanosome counting method. In 
this the animals are used when the infection is very strong in the blood. 


that is, 2 days after being infected. Relatively few animals, however, 
need to be rejected on account of badly developed infection. In other 
words, fun development of the infection is reached at approximately 
the same time by the majority of the infected animals. Consequeiitly 
the differences in survival times would chiefly be due to the varying 
resistance of the mice against the fully developed infection. If such is 
the case some function of the time between the point when full iMec- 
tion is reached and the time of death might have a normal distribution. 

The first control mouse died 55 hours after being infected. Evidently 
full infection must have been reached some time earlier, after which 
the remaining time of sinvival was influenced only by the resistance 
of the mouse. Times of 48 and 52 hours after infection were, therefore, 
chosen, as it was considered that fuU infection might have been attained 
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in the control group at one of these periods. New probit diagrams were 
made with the logarithms of the times from these new starting pomts 
alone one axis, that is, the logarithm of the survival time in hours 
minus 48 and hours minus 52 respectively. In both cases good agree- 
.ment with a normal distribution was obtained (see Fig. 2 c and d). In 
view of the small amount of material the points on both figures appear 
to lie reasonably near a straight line. 

Also for the mice treated with neoarsphenamine the logarithms of 
(survival time in hours -48) seemed to be normally distributed for 
every dose. As the groups were rather small, on a later occasion 2 
groups with 40 infected mice in each were treated with doses of 20 
and 31 g./g. of body weight respectively. In these groups, too, no 
certain deviation from the formula just mentioned could be found, the 
points lying fairly well along a straight line in the probit diagram. 
On this occasion a certain change in sensitivity to the neoarsphenamine 
was observed as compared to that shown in Figure 1 since half of the 
animals in these two groups died after 108 and 218 hours. 

If this transformation of the primary values, i.e., the logarithm of 
(survival time in hours — 48) proves to be generally useful for experi- 
ments of this kind in difierent laboratories, the mice of a group in 
different tests or at different times should as a rule be approximately 
normally distributed when their times of survival are transformed in 
this manner. The values given by Biilbring and Bum and also those 
found in earlier experiments from this laboratory, lend support to this 
contention. These figures confirm, among other things, that the maximum 
mortality of the controls as well as that of the animals treated with 
small neoarsphenamine doses occurs during the mght between the second 
and third day after the infection. 
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As it thus seems that the logarithm of (survival time in hours -48) 
in practice may be taken as normally distributed in the different dosage 
groups, due regard should be given to this fact in the spacing of the 
readmg times. The following example shows how this may be performed 
so that the intervals between the observations are as far as possible 
equally large when expressed in the normally distributed function, i.e., 
log. (time in hours between the tune of infection and the observation 
—48). Even allowing for this, the readings can be so arranged that most 
of them are made during the normal working day. 

Example 

Groups of 20 newly infected mice, which had been kept in the 
laboratory for over a week before this experiment were injected intra- 
venously with doses of 24 and 30 [tg./g. of body weight of the Inter- 
national Standard and of a commercial preparation respectively, both 
in 0-3 per cent, solution. The mice were infected at 9 o’clock in the morn- 
ing and the injections of neoarsphenamine were made within the following 
2 hours. The readings were performed according to Table I. The times 
when the mice were found dead are given in Table Ila and the corres- 
ponding class middle for each animal in Table lib. Two methods of 
analysis of the data are now available. 

TABLE IlA 


Results. Number of Dead Mice 



Reading Time 


Standard 

1 

Test Preparation 

. 


Time 


1 



Day 

or day 


1 24 „g./g.(Si.) 1 30;ig./g.(Sn) 

24 ,.g./g.(UO 

SOgg.lg.CUn) 

2 

22 o'clock 


3 

s 



4 * 


3 

14" 



7 

2 

3 

22 


I 

2 

4 

4 

8 


4 

5 

s 

4 

20" „ 


8 3 

2 

6 

5 

13 „ 


4 , 6 


2 

6 

9” „ 


2 ' I 



7 

10 „ 


2 



8 

17 

... 

> 1 5 


1 

10 

10 „ 


1 2 



12 

14 „ 





15 

9 „ 


I 



18 

17 





Surviving after the 18th day ... 

-1 

1 ’ 




The simplest method is to calculate the means, standard deviations, and 
standard errors of the means in the usual maimer for each group as in 
Table IIB t-analysis for the differences between the means of Sh and 
Sl and between Uh and Ul shows in' the first case P < 0.001 and in the 
second case P = 0.001. The differences are therefore not attributable 
to random variation alone. This shows that the test really is sensitive 
to a difference in dosage of 20 per cent. For the difference between the 
means of and 11^ P = 0-05, i.e. the larger test dose has smaller 
effect than the smaller standard dose. 
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TABLE IlB 

Results Transfoiuvsed 

Class Means from Table I for the Death of Each Mouse 


Mouse 


Standard 


Nutnber 



y 

10 


1-724 

1-933 



1-724 

2-034 

12 


1-714 1 

2-034 

13 


1-724 1 

2-132 

14 


1-828 

2-132 

15 


1-828 

2-132 

16 


1-828 

2-132 

17 


1-828 

2-132 

18 


1-933 

2-234 

19 


1-933 1 

2-234 

20 


1-131 j 

2-645 

Total 


35-099 

39-914 

Mean 


1 -75495 

1-9957 

Standard deviation ... 

0-138 

0-232 

Standard error of ibe mean 

0-031 ' 

0-052 


Test Preparation 


30 Mg./g.(Sn) 
1-724 
1-724 
1-724 
1-828 
1-828 
1-828 
1-828 
1-828 
1-828 


24 pg.ig.(Si.) 
1-238 
1-238 
1-238 
1-238 
1-414 
1-414 
1-414 
1-414 
1-414 
1-414 
1-414 
1-517 
1-SI7 
1-620 
1-620 
1-620 
1-620 
1-620 
1-724 
1-724 



30|ig.fe.(Un) 

1-414 

1-414 

1-517 

1-517 

1-517 

1-517 

1-620 

1-620 

1-620 

1-620 

1-620 

1-724 

1-724 

1-724 

1-724 

1-724 

1- 724 
1-828 
1-828 

2- 132 


Total S 


75-013 


Total U 


33-128 

1-6564 

0-164 

0-037 

62-560 


More information, however, may be extracted from the material if it 
is subjected to variance analysis (Fisher^), the results of which are shown 
in Table m. 


TABLE 111 

Analysis of Variance. Data of Table Hb 


Source of Variation i 

Degrees of 
Freedom 

Sum of V 
Squares \ 

Mean 1 
Square < 
1 

F 

1 p 

Between samples . 

i 1 

1 1-9385 1 

1-93850 i 

61 -74 

<0-001 

Between doses of same substance 

2 

1 0-9211 . 

0-46055 ! 

14-67 

CO'OOI 

Random sampling 

76 

2-3867 

0-03140 

1 — 


Total . 

t 79 

i 

5-2463 1 — 1 

1 - 

! - 


Slope, 2 18 Potency, 0-72 Fiducial limits, 0-580 to 0-809 (P = 0-05). 

Percentage limits, 80-5 — 112-0 


The slopes of the dosage-response lines were calculated and found to 
be homogeneous. It was therefore legitimate to calculate a combined 
slope and to use this value in order to obtain the potency of the unknown 
in terms of the standard from the equation provided by Gaddum^, 
and Ac fiducial limits of error of the estimated potency from the equation 
provided by Fieller^. 


Summarising the results, Ae unknown preparation had a potency of 
P^- 0 0^*^ standard with fiducial limits of error of 0-580 to 0-809 for 

IVhen material is grouped it is desirable to group it wiAin narrow 
Class limits, i.c. to group it in many classes, m order to extract as much 
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information as possible. In this case the number of classes directly 
depends on the frequency of the readings; many times of observations 
allow many classes with narrow class limits, whereas few readings allow 
only a few classes and widely spaced class limits. The number of the 
observations, however, is limited by the fact that in practice it is 
hardly feasible to make observations during the night. An increase 
of the number of readings during the day but none during the night 
implies alternating small and large intervals between the observations, 
with varying class widths, and this naturally gives no increased precision. 

This could also be verified in the material from our example in which 
more readings were made during the days than are recorded in the tables. 
The number of readings in the example is near the maximum possible in 
practice with approximately equally spaced intervals. The fact that the 
first class has a much larger width than the rest has no great importance 
as in any case the doses of neoarsphenamine must be so large that only 
single animals die here. 


One objection that has been raised against using survival times for 
estimating the curative action is that one does not know if the death 
of the animal is due to the infection. A certain control of this, however, 
exists. No deaths are caused by the infection on the day when the 
animals are infected or on the first or even on the greater part of the 
second day after infection. If the animals die during this time, it is 
due either to technical faults, which should be few with proper technique, 
or to non-specific deaths. Mice dying during, this time must therefore 
be excluded from the analysis. When the groups are not too small and 
the times of survival not too long, the death of one or two mice during 
this period does not appreciably alter the accuracy of the test. If more 
mice die, it shows that they were in bad condition and the assay must be 
rejected. It has been found convenient to keep the mice in the laboratory 
for some days before they are used in order to make sure that they are 
in good condition. 

When it is desired accmately to determine the curative potency, of a 
preparation, the calculations will be performed as indicated in the ex- 
ample quoted above. Often, however, it is only necessary to ascertain that 
the potency of the test preparation is not less than that of the standard or 
of a certain proportion of it. The doses to be used should give a clearly 
prolonged survival time without making the test unwieldly. In our 
experiments a dose of 24 to 30 /ig/g. of body weight fulfilled these 
conditions. As a control of the sensitivity of the method a weaker dose 
of the standard was given as well, by way of example say 20 per cent, 
weaker. In a successful experiment a difference between the two should 
be evident. 

Practical Performance of a Test 


Guided by these principles and by the aforementioned results, the test 
is performed as follows: 60 mice which have been kept in the laboratory 
for a week are infected intraperitoneally with 0-5 ml. per mouse 
of a trypanosome suspension containing 7.000 trypanosomes per 
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microlitre. This is obtained from the blood of rats that have been in- 
fected 2 days earlier. The trypanosomes are counted in a counting 
chamber and the blood is diluted with 1 per cent sodium citrate^solu- 
tion to the desired concentration. The infection is performed at 9 o clock 
in the morning. Within the next hour the mice ate injected mtravenously 
with the diSerent doses of the 0-3 per cent, neoarsphenamine solutions. 
During the preparation of the solutions the usual precautions agai^t 
oxidation are observed {see Bum®). 20 mice receive 24 ftg. Md 20 mice 
30 fig./g. of body weight of the standard and 20 mice receive the dose 
of the test preparation that is to be compared with the higher standard 
dose, and which must not be less potent than this standard dose if the 
preparation is to pass the test. The mice are observed at 16 o clock 
on the second day after the infection. Those which have died are re- 
jected and excluded from the calculations. After that the readings of 
the mortality are spaced according to the times in Table 1. The mean 
and the standard error of the mean are calculated for every group, the 
value for every animal being that of the corresponding class middle seen 
in the table. Thus, if an animal has died only on the fourth day at 
8 o’clock its value is 1-620. The preparation passes the test if t-analysis 
shows that it is stronger or not weaker than the larger standard dose. 
In the latter case, however, a significant difference between the standard 
doses must exist, otherwise the test must be repeated. If t-analysis 
shows that the test preparation is significantly weaker than the larger 
standard dose it is rejected. 


Discussion 

When testing substances on animals, it can be shown in many cases 
that the logarithm of the duration of the effect or the logarithm of the 
time till the effect appears is approximately normally distributed (Bliss=, 
Goodwin and Marshall", Goldberg® and others). A close study of this 
question, however, may reveal that a more complicated function of 
the time has a normal distribution (Ipsen®). On the other hand, it is 
sufficient to have an approximate knowledge of the kind of function 
that is normally distributed when grouping the observations as the laws 
for calculating the means, standard errors and t-values are also applicable 
to a number of different distributions, more or less deviating from the 
normal. The grouping of the obser\'ations advocated in this paper 
seems to be more rational than making one or two readinas every day 
for a limited number of days as proposed by Biilbring and Bum’^ and 
Goodwin’® or for a longer times according to the method of Chen 
Ceiling and MacHatton^\ A further advantaae is that an estimate of 
the cnor may be obtained for everj' dose, so extracting all information 
inherent in the material. A comparison with the results of Hawkin®'’® 
shows that, whereas in the trypanosome counting method every annual 
goes only a quahmtive expression for the strength of the preparation 
in this mcthwl the sunwal times are quantitative estimates^ of the 
strength of the drug, and thus furnish more detailed information. 
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infonnation as possible. In this case the number of classes directly 
depends on the frequency of the readings; many times of observations 
allow many classes with narrow class limits, whereas few readings allow 
only a few classes and widely spaced class limits. The number of the 
observations, however, is limited by the fact that in practice it is 
hardly feasible to malce observations during the night. An increase 
of the number of readings during the day but none during the night 
itnplies alternating small and large intervals between the observations, 
with varying class widths, and this naturally gives no increased precision. 

This could also be verified in the material from our example in which 
more readings were made during the days than are recorded in the tables. 
The number of readings in the example is near the maximum possible in 
practice with approximately equally spaced intervals. The fact that the 
first class has a much larger width than the rest has no great importance 
as in any case the doses of neoarsphenamine must be so large that only 
single animals die here. 

One objection that has been raised against using survival times for 
estimating the curative action is that one does not know if the death 
of the animal is due to the infection. A certain control of this, however, 
exists. No deaths are caused by the infection on the day when the 
animals are infected or on the first or even on the greater part of the 
second day after infection. If the animals die during this time, it is 
due either to technical faults, which should be few with proper technique, 
or to non-specific deaths. Mice dying during, this time must therefore 
be excluded from the analysis. When the groups are not too small and 
the times of survival not too long, the death of one or two mice during 
this period does not appreciably alter the accuracy of the test. If more 
mice die, it shows that they were in bad condition and the assay must be 
rejected. It has been found convenient to keep the mice in the laboratory 
for some days before they are used in order to make sure that they are 
in good condition. 

When it is desired accurately to determine the curative potency, of a 
preparation, the calculations will be performed as indicated in the ex- 
ample quoted above. Often, however, it is only necessary to ascertain that 
the potency of the test preparation is not less than that of the standard or 
of a certain proportion of it. The doses to be used should give a clearly 
prolonged survival time without making the test unwieldly. In our 
experiments a dose of 24 to 30 fig/g. of body weight fulfilled these 
conditions. As a control of the sensitivity of the method a weaker dose 
of the standard was given as well, by way of example say 20 per cent, 
weaker. In a successful experiment a difference between the two should 
be evident. 

Practical Performance of a Test 

Guided by these principles and by the aforementioned results, the test 
is performed as follows : 60 mice which have been kept in the laboratory 
for a week are infected intraperitoneally with 0-5 ml. per mouse 
of a trypanosome suspension containing 7,000 trypanosomes per 
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the determination of alkaloids 
BY EXCHANGE OF IONS 

By a. JmDRA 

Received June 2, 1948 

The development of research on substances serving for the exchange of 
ions has been going on for about a century. Research workers were at 
first dependent only on substances of natural origin, but m the years 
1910 to 1930 many experiments were made towards preparing suitable 
synthetic products. In 1935, Adams and Holmes^ prepared a new type 
of artificial resin, and thus, with this new group of substances, started 
development along new lines. Griessbach- examined in detail the com- 
position, action and theory of ion-exchange substances, also their pre- 
paration and the determination of their activity, and explained their 
wide use for metallurgical and chemical purposes, especially as water 
softeners and salt-removers. In principle we are concerned with two 
groups of artificial resins. The first includes the condensation products 
of formaldehyde with aromatic acids, chiefly polyhydric phenols, and 
natural products of the tannin type, these condensation products serving 
as exchangers of cations, or eventually of hydrogen ions. The second 
group is formed by the condensation products of aromatic amines with 
aldehydes, these products serving for the exchange of anions, including 
hydroxyl ions. Hesse® deals, under the heading of chromatographic de- 
termination, with the exchange of ions in some detail, from both 
theoretical and practical standpoints. Similarly, Myers'* sees in the ex- 
change of ions only one of the methods of chromatographic determina- 
tion (see also Zechmeister®). 

Samuelson® has contributed much to our knowledge of the use of 
these resins for the exchange of ions, especially in inorganic analysis. The 
Encyclopredia of Chemical Technology 1947 gives information of the 
use of synthetic resins in obtaining alkaloids of natural origin, such as 
quinine and nicotine, and details of the literature are given. 

Ungerer® has studied the adsorption of salts of organic bases, and 
to some extent alkaloids, on calcium permutite, and has ascertained 
that certain alkaloids, which are not easily soluble in water, are strongly 
adsorbed from aqueous solutions of their salts, due to &e action '^of 
the slightly alkaline calcium permutite in precipitating the free base. In 
an alcoholic medium the adsorption proceeds in the normal way. 

The idea of using the chromatographic adsorption method for the 
quantitative determination of alkaloids was realised soon after the re- 
vival of Tswett’s method by Valentin, Franck and Merz«'®-®°'®\ who 
describe the technique of adsorption on a column of aluminium ’o>dde 
and the workiiig methods for determining the strength of various 
galenicals containing alkaloids. They have continued their work for 
several years, and give preference to the chromatographic method over 
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Summary 

The basis for using time-mortality data in estimating the curative 
effect of neoarsphenamine is examined. It is shown how the survival 
•times may be transformed so that they become approximately normally 
distributed. A routine test has been designed on these lines. 

The author is indebted to Dr. W. L. M. Perry, of the National Insti- 
tute for Medical Research, London, for suggesting the treatment of the 
material with variance analysis and also for its application to the data. 
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THE DETERMINATION OF ALKALOIDS 

This prepared material was poured, together with a little water, into 
the adso^tion tube, whose lower end was closed with a 
cotton wool, so as to ensure that the adsorbent matenal settled My 
in place, and did not tend to form layers when subjected to a steady 
flow of water. When a sufficient amount of material was m the tube, 
it was further washed with water, and secured by a second plug ot 
cotton wool. The adsorbent was thus evenly distributed in a 
about 5 cm. high, water flowing through it at a speed of about 100 to 
120 drops per minute, under its own pressure. 

Such a column has to he regenerated before and after each analysis. 
With Amberlite IR-4B this is carried out by means of a 4 per cent, 
solution of sodium carbonate. In determining alkaloids about 50 ml. 
of such a solution was sufficient for each regeneration. The excess of 
sodium carbonate was removed by washing with boiled distilled water 
until the washings gave no reaction with phenolphthalein. Usually 
about 300 to 400 ml. of water was sufficient. It was necessary always 
to maintain a layer of a few ml. of water above the adsorbent column 
in order to avoid the drying and packing of the material. When ceasing 
work the upper end of the tube w'as closed with a rubber stopper. If 
working with adsorption in a medium other than water, e.g. in alcohol, 
the adsorption tube and column should be washed out before the ex- 
periment with a few ml, of the solvent used. 

The principal condition for success in the analysis of alkaloidal salts 
is the use of a solvent in which both the alkaloidal salt and the free 
base are readily soluble. Numerous experiments showed that it was 
not possible to obtain satisfactory results under any other conditions. 
Thus, for example, when working with strychnine nitrate in aqueous 
solution, the free base is precipitated on the adsorbenL and although 
strychnine is sufficiently soluble in ethyl alcohol, it was never possible, 
even using hot ethyl alcohol, to wash it out of the column quantitatively; 
and the results were always some 10 per cent, too low, even when using 
a considerable excess of solvent. This case is interesting since workers 
using aluminium oxide as adsorbent obtained quantitative extraction of 
the base from the adsorbent using comparatively small quantities of 
alcohol. For the examples used in the course of the present work, 
ethyl alcohol was found to be suitable, and in the case of morphine, 
methyl alcohol. In most cases the speed of flow of the liquid through 
the column is not importanL and good results may be obtained with a 
speed_ of flow of 90 to 120 drops per minute. Only in the analysis of 
atropine sulphate did w’e obtain results rather lower than according to 
theory’, and by reducing the speed of flow to 30 to 40 drops per minute 
we obtained satisfactory results. The speed of flow may be readily 
controlled by means of a rubber stopper in the adsorption tube in the 
neck of the Erlenmeycr flask in which the liquid is collected. After 
the adsorption is completed the tube and vessel are washed out with 
abou 50 ml. of warm solvent (ethyl or methyl alcohol). This quantity 
of solvent may be regarded as sufficient for the alkaloids analyid, and 
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^ose used as standard in the pharmacopoeias, the advantages lying chiefly 
in the smaller quantities of material required for analysis, the simpler 
technique, and the shorter time required for the analysis. 

The most recent workers to direct their attention to chromatographic 
analysis of alkaloidal salts and to the suitabUity of aluminium oxide for 
such analyses are Reimers, Gottlieb and Christensen^^ They passed 
an ethyl alcohol solution of alkaloidal salts through a column of 10 g. 
of aluminium oxide, in a tube of 10 mm. diameter and 22 cm. height. 
The alkaloids were then washed out of the adsorbent with 25 ml. of 
ethyl alcohol (86 per cent.), and determined by direct titration in ethyl 
alcohol, using a suitable indicator in accordance with the experience of 
Kolthofif^^ and Baggesgaard-Rasmussen and Reimers^^. 

The object of the work now to be described was first to ascertain 
whether artificial resins can be used as adsorbents for the determination 
of alkaloids, and then, if successful results were obtained, to investigate 
whether they could be applied to the determination of the alkaloidal con- 
tent of galenical preparations. In the experimental part these questions 
are answered, the first very definitely in the afifirmative, and the second 
with certain reservations. Nevertheless, even here certain definite re- 
sults have been obtained, and the way indicated for further work. 

Experimental 

As an ion-exchanging adsorbent material, Amberlite IR-4B, manu- 
, factored by the Resinous Products and Chemical Company of Phila- 
delphia, U.S.A., was selected, this being suitable for anion exchange. 
Attempts to find a basic exchanger suitable for quantitative work proved 
a failure, though such adsorbents gave excellent results when used for 
the isolation of alkaloids. The reactions in the adsorbing column were 
as follows; 

Res. OH + Aik. HCI = Res. Cl + HoO + Aik. base 
Res. Cl OH = Res. O.H. + Cl' 

The technique of the method has already been described in detail. 
Here only a brief description of the preparation of the adsorption 
apparatus is necessary since the whole was of the simplest type. 

A tube of ordinary glass of 0-5 cm. diameter was used, which, at 
some 20 cm. from its end, was drawn out into a short narrow outlet 
tube, which was fitted into a rubber stopper, and the whole tube was 
thus attached to a suction flask. 

It was necessary to crush the adsorption materia], and it was found 
best to crush it and then leave it standing under water in a beaker for 
a day or two. During this period it was several times stirred up, and, 
when it had settled again, the water was changed. The light yellow 
powder was thus removed, and a material obtained of constant ^ain 
size, which plays a certain role in obtaining a perfect exchange of ions. 



THE determination OF ALKALOIDS 

as indicator a mixture of 10 drops of solution of methyl red with 2 drops 
of solution of methylene blue. To ascertain the equivalence point the 
mixture was diluted to 100 ml. with distilled water. The colour change 
from green through blue to violet is sharp. 

For quinine and cinchonine the alkaloidal base was used for analyses, 
being dissolved by the addition of an equivalent quantity of hydrochloric 
acid and 10 ml. of water, the solution being made up to 100 ml. with 
ethyl alcohol. For the determination of morphine and quinine methyl 
alcohol solutions were used. Strychnine nitrate was dissolved in ethyl 
alaihol (75 per cent.). The percentage content of alkaloids in the salts 
was ascertained experimentally by the Danish Pharmacopceia methods. 
This was necessary because in many cases impure compounds were used 
whose content differed considerably from theory. The results are shown 
in Table I. 

TABLE 1 



Determinations 

OF ALkALOIDAL 

SALTS 




1 


Found 



; N/IO I 

Found by 

by 

Alkaloidal Salt 

Weighed Out | 

IHydrochlonc Acid 

Adsorption 

1 Damsb 



1 (f=I 029) 

Method 

Pharmacopceia 



1 i 


Method 

Strychnine nilrate 

g 

0 0950 

' , i 

, ml 1 

2 17 1 

per cent 

83 36 

per cent 

84 14 


0 0950 

1 2 16 ' 

82 92 



0 1420 

1 ' 

84 M 


Atropine solphaie 

0 1691 

2 25 , 

41 74 ’ 

40 40 


0 21S4 

2 73 

39 48 


0 2267 

3 00 

41 79 1 


Morphine hydroeWonde 

0 1395 

' 3 37 ' 

75 24 1 

75 91 


0 1395 

3 38 

75 46 



0 1395 

5 35 

74 79 


Brocine hydtoeWonde 

0 1261 

2 47 

84 37 

84 29 


0 1261 

2 48 

84 71 1 


0 0966 

I 89 

84 23 


Ephednne sulph \w 

0 1556 

5 05 

58 52 

58 86 


0 1556 

4 9S 

57 70 

Quinine 

0 1344 

5 74 

98 52 



0 1544 

5 78 

99 57 ' 


Cinchonine 

0 0976 

3 14 

98 46 { 



0 0976 

3 13 

1 

98 15 

i 



(b) Determination of Alkaloidal Content of Galenicals 

The determination was carried out according to the same principles as 
tor the alkaloidal salts. Tincture of ipecacuanha and tincture of nux 
Nomica were adsorbed direct, whQe fluid extract of cinchona and tincture 

(% S'™ t rrf 25 ml. of ethyl alcohol 

ibnxS tea 1 procedure was the same as that detailed 

abo\c. The colourmg matter is adsorbed in the column only in small 

S solutions of the alkaloidal bases obtained are^coloured” 
^e cquisalencc point must be determined electrometrically with the aid 
oUhe glass and calomel electrodes. With tinctures of nux vo^^ and 
.pccacuanha the potential change is. however, masked hy 2TTccZ 
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it was not thought necessary to ascertain the minimum quantity of solvent 
needed, since we were using a quantity appropriate to the amount of 
substance being determined. 

Adsorption from galenicals was carried out in exactly the same manner, 
since the first experiments showed that it was unnecessary to add in- 
organic acids in advance, in order to prepare salts of the alkaloids with 
strong acids. The question of a suitable solvent again plays the same 
important role. The alcoholic solution of the galenicals lost a small 
arnount of its colour in passing through the adsorbing column together 
with some of the accompanying substances. In regenerating the adsor- 
bent material after each analysis we remove the colouring matter and 
accompanying matter retained by the adsorbent, so that it is not neces- 
sary to change the contents of the column after each analysis. 

The actual determination of the alkaloidal bases was carried out by 
direct titration with hydrochloric acid. In determining alkaloidal salts, 
i.e., in colourless solutions, the indicator used was a mixture of methyl 
red and methylene blue, giving at the appropriate dilution with water 
(about 100 ml.) a sharp change from green to violet. When working 
with galenicals it was necessary to ascertain the equivalence point electro- 
metrically, using very sensitive measuring instnunents. The potential 
drop is masked in these cases by the accompanying substances (the more 
intensely coloured the solution, the more difficult is the determination 
of the equivalence point). It is interesting to compare the titration curve 
of strychnine in ethyl alcohol with that of the same quantity of strychnine 
in tincture of nux vomica, in which the masking effect rmder the condi- 
tions prevailing in the tincture is clearly evident. There are possibilities 
here for working with minimum quantities, and also of using micro- 
methods for the determination of alkaloids in various galenicals, which 
are being further investigated by the present author. The cause of the 
double result obtained with tincture of nux vomica as compared with the 
theoretical result (the equivalent used was the mean of the molecular 
weights of the two alkaloids) is also being investigated. 

The time required to carry out the analysis is about the following: 
filling of apparatus, 15 minutes; regeneration of adsorbent, 30 to 45 
minutes; adsorption and washing out, 15 minutes. The total time re- 
quired is from 1 hour to U hours, in addition to the time required for 
the titration. 


(a) Determination of Alkaloidal Salts 

An accurately weighed quantity of the alkaloidal salt (OT to 0-2 g.) 
was dissolved in 20 ml. of ethyl alcohol (96 per cent.), and adsorbed on 
the prepared column of Amberlite IR-4B synthetic resm. The vessel 
was then washed out several times with a total of 50 M of warn 
(■50°C) ethyl alcohol (96 per cent.), and the column washed out with 
the same solvent. The dissolved base in the 

determined by titration with N/10 hydrochlonc acid (F - 1 029), using 
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as indicator a mixture of 10 drops of solution of methyl red with 2 drop 
of solution of methylene blue. To ascertain the equivalence point the 
mixture was diluted to 100 ml. with distilled water. The colour change 
from green through blue to violet is sharp. 

For quinine and cinchonine the alkaloidal base was used for analyses, 
being dissolved by the addition of an equivalent quantity of hydrochloric 
acid and 10 ml. of water, the solution being made up to 100 ml. with 
ethyl alcohol. For the determination of morphine and quinine methyl 
alcohol solutions were used. Stiy'chnme nitrate was dissolved in ethyl 
alcxihol (75 per cent). The percentage content of alkaloids in the salts 
was ascertained experimentally by the Danish Pharmacopoeia methods. 
This was necessary because in many cases impure compounds were used 
whose content differed considerably from theory. The results are shown 
in Table I. 

TABLE I 



Determinations 

OF ALKALOIDAL 

SALTS 






Found 



i N/10 I 

Found by j 

t>y 

A}3taloidiat Salt 

Weighed Out 

IHvdrochlotic Add 

Adsorption 

Danish 



j ' (f= 1-029) 

Method 

Pharmacopceia 



I _ _ . - 


Method 


g. 

ml. 

per cent. 

per cent. 

SiT>‘chntr«: nUraie ... 

0-0950 

2-17 

83-36 

84 '14 


0-0050 

2-16 

82-92 



0-1420 

3-27 



Atropine sulphate ... 

0-1691 

1 

2-23 

41 '74 

40 '40 


0-2184 

2-73 

39 -48 



0-2267 

3-00 , 

41-79 


Morphine hydrochloride 

0-1395 

3-37 

75 '24 

75-91 


0-1395 

.3-33 

75 -46 



0-1395 

3-35 

74 '79 


Bruane hydrochloride 

0-1261 

2-47 

S4'37 

84-29 


0-1261 

2-43 

84 '71 



0-0966 

I -89 

84 '25 


Ephcdrinc sylphaie 

0-1556 

5-05 

5S '52 

. 58-86 


0 1556 

4-9S 

57 '70 


Quu:inc 

0-1344 

3 74 

98 '52 



0-1344 

3 78 

99 '57 

, 

Cinchontr»e . . 

0-0976 

3-14 

9S *46 

\ 


0-0976 

3-13 

98 -15 
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(b) Determination of Alkaloidal Content of Galenicals 

The determination was carried out according to the same principles as 
tor the alkaloidal salts. Tincture of ipecacuanha and tincture of nux 
vomu^ were adsorbed direct, whOe fluid extract of cinchona and tincture 
of opium had the weighed quantity' diluted with 25 ml. of ethyl alcohol 

''’as the same as that detailed 
abosc. The colounng matter is adsorbed in the column only in small 

tS solutions of the alkaloidal bases obtained are^coloured 

Jc equivalence point must be determined electrometricaUy with the Sd 

pcc.acuanha the potential change is, however, masked by the accom- 
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panying substances, but is none the less perceptible, provided that sensi- 
tive apparatus is used. Amounts corresponding to theory have been 
found in aU experiments, except in the case of tincture of mix vomica 
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Fig. 1. Tincture of Ipecacuanha 


when the result obtained was invari- 
ably double the theoretical figure. 
Figures 1, 2, 3 and 4 show the 
course of the titrations. In carr)Tng 
out the titrations the ethyl alcohol 
solutions were diluted with water 
to 100 ml. In working the fluid 
extract of cinchona much depends 
upon the careful washing out of the 
adsorbed column, since cinchonine 
is far less soluble than quinine. In 
the case of opium a larger alkaloidal 
content was found that would cor- 
respond to morphine alone since the 
total content of morphine and other 
alkaloids was determined. The re- 
sults are shown in Table II. 


Summary 

1. A method has been worked out for the determination of salts of 
alkaloids by an adsorption method involving exchange of ions, on the 
synthetic resin known as Amberlite IR-4B which was used with the 
substances specified in Table I. 

2. It is shown that this method is also suitable for determining the 
alkaloidal content of the galenicals specified in Table II. 


TABLE U 

Determinations of alkaloids in galenicals 


Preparation Used 

1 Weighed Out 

1 

1 

N/50 

Hydrochloric Acid 
(f=I -092) 

Found by 

1 Adsorption 
Method 

Found by 
Czechoslovak 
Pharmacopoeia 
Method 


1 

ml. 

per cent. 

per cent. 

Tincture of Ipecacuanha ... 

1 48 -80 

4-00 

0-107 

0 -095 

1 48-80 

4-50 

0-120 

i 


1 48 -80 

4-25 

0*114 



30-00 

3-50 

0-109 


Fluid Extract of Cinchona... 

1 0 -9452 

2-65 

4-733 1 

4-450 


1 0 -9756 

i 2-65 

1 4 -586 1 



1 0 -9692 

2-65 

4 -586 1 



1 0-8315 

2-25 

4 -568 


Tincture of Opium 

2-9170 

3-45 

1-842 

1 -n 

1 1 -3434 

1-65 

1 -912 



1 -9841 

2-20 

1 -727 


Tincture of Nux Vomica ... 

35 -27 

35 -27 

10-00 

9-40 

0-563 

0-530 

0-247 


30 *00 

7-00 

0 -464 




THE DETERMINATION OF ALKALOIDS 


3. The advantage of the method is its rapidity, simplicity and the 
use of only small quantities of solvents, together with the determination 
of all the alkaloids present without any of the possibilities of loss arising 
from more complicated experimental procedures. 



t i i * r c t } i i s 


Fig. 2 Fluid Extract of Cinchona Fig. 3. Tincture of Opium 
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panying substances, but is none the less perceptible, provided that sensi- 
tive apparatus is used. Amounts corresponding to theory have been 
found m aU experiments, except in the case of tincture of nux vomica 





Fig. 1. Tincture of Ipecacuanha 


when the result obtained was invari- 
ably double the theoretical figure. 
Figures 1, 2, 3 and 4 show the 
course of the titrations. In carrying 
out the titrations the ethyl alcohol 
solutions were diluted with water 
to 100 ml. In working the fluid 
extract of cinchona much depends 
upon the careful washing out of the 
adsorbed column, since cinchonine 
is far less soluble than quinine. In 
the case of opium a larger alkaloidal 
content was found that would cor- 
respond to morphine alone since the 
total content of morphine and other 
alkaloids was determined. The re- 
sults are shown in Table 11. 


Summary 

1. A method has been worked out for the determination of salts of 
alkaloids by an adsorption method involving exchange of ions, on the 
synthetic resin known as Amberlite IR-4B which was used with the 
substances specified in Table I. 

2. It is shown that this method is also suitable for determining the 
alkaloidal content of the galenicals specified in Table II. 


TABLE II 

Determinations of alkaloids in galenicals 


Preparation Used 

Weighed Out 

1 

N/50 

Hydrochloric Acid 
(f=I 092) 

Found by 
Adsorption 
Method 

Found by 
Czechoslovak 

Pharmacopceia 

Method 



ml. 

per cent. 

per cent. 

Tincture of Ipecacuanha ... , 

1 48 *80 , 

4-00 

0-107 

0 095 

! 48 *80 

4-50 

0-120 



1 48 -80 

4-25 

0-114 



1 30-00 

3-50 I 

0-109 


Fluid Extract of Cinchona... 

0 -9452 

! 2-65 

4-733 

4-450 


0-9756 

2-65 

4 -586 



0 -9692 

2-65 

4 -586 



0-8315 

2-25 

4-568 


Tincture of Opium 

2-9170 

1 -3434 

3-45 

1 -65 

1-842 

1-912 

1 -11 


1 -9841 

2-20 

1 -727 


Tincture of Nux Vomica ... 

35-27 

35 -27 

10-00 

9-40 

0-563 

0 -530 

0-247 


30 00 

7-00 

0 464 
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The Structure and nerve supply of the human stomach, the movement 
of its muscle under a variety of conditions in health and disease, and the 
effect of various drug substances on gastric activity have been the subject 
of much research. Carlson’- and Danielopolu' have -written extensively 
on the subject and McSwiney^ reviews the literature widely . The majority 
of investigators have made use of a method which records the changes 
in pressure within balloons placed in the oesophagus, antrum, fundus, 
pylorus or duodenum of animals or man, or have attempted to assess the 
alterations in gastric motility by observation and photography with the 
aid of X-rays. The preparations were all in the fasting state; in some 
cases contractions of the stomach muscle were stimulated by the previous 
administration of insulin. Animals might or might not be under the 
influence of a variety of anresthetics, or be subjected to ablation of varying 
portions of the central nervous system. Sundry nerves have been cut 
and stimulated or allowed to degenerate. From all this work much 
informadon has accrued but there has also arisen controversy as to the 
precise action of a number of drugs of therapeutic importance. One 
source of error may have arisen from misinterpretation of viscerographic 
records where the balloon has recorded the activity of the pyloric 
sphincter when it was supposed to lie in the body of the stomach, or where 
interpretation of roentgenological observations has been unwittingly 
influenced by subjective factors during visualisation on the screen. 

Apart from the reports of Smith* and of Tezner and Turolt® very little 
work has been done with isolated strips of muscle from the human 
stomach wall, though irmumerable experiments have been done with 
isolated pieces of intestine from animals. It would appear desirable to 
record the effects of various drugs on isolated portions of gastric muscle 
before proceeding to investigate and interpret the more complex pictures 
seen in intact animals and in man. With the recent spread of the practice 
of partial gastrectomy in cases of peptic ulceration it is now easy to obtain 
fresh samples of human stomach for investigation. 


Method 

Freshly prepared ice-cold Tyrode solution (sodium chloride 0-8 per 
cent., potassium chloride 0-021 per cent., calcium chloride (anhydrous) 
U02 per cent., magnesium chloride (anhydrous) 0-001 per cent 
dextrose 0-1 per cent., sodium acid phosphate (anhydrous) 0-005 per 
rent sodium bicarbonate 0-1 per cenh) was brought into the theatre 
during operation. As soon as possible after removal of the specimen 
tmm ,h« p„ie„,. a hcallhy area ot stomach rvaa setoed a? for 
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THE MOTILITY OF HUMAN STOMACH 

it is seen that the essential characteristics of all the types of wave con- 
traction described by clinical investigators as occurring in the intact 
stomach of man are to be found in the muscle strip with its absence of 
circulation, its absence of connection to the central nervous system and 
its relatively constant environment in a bath of nutrient fluid. It is not 
suggested that muscular contraction in the normal intact stomach is 
independent of vascular and nervous influence, but that all the elements 
for the various types of contraction recorded are available in the muscle 
and are capable of being carried on by the muscle acting independently. 
The Laitiation and regulation of the particular type of contraction found 
at any one time may well be tmder the influence of a wide variety of 
extraneous circumstances. 

The Action of Drugs 

(a) Parasympathomimetic compounds . — Strips of isolated human 
stomach muscle do not respond to parasympathomimetic drugs in the 
same low concentrations as do isolated segments of gut from rabbits, 
guinea-pigs, etc. Acetylcholine in a concentration of 10*® produces only 
a slight increase in motor activity, but a concentration of 10'' gives rise 
to a much greater response. If the muscle is in a resting state (phase of 
relauve quiescence) it contracts violently and may pass into a tetanic 
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possible from the diseased area and a portion of stomach wall some 
5 cm. square cut off. The mucosa was separated from the muscle 
layers and the latter conveyed to the laboratory at once in fresh 
cold Tyrode solution. There a suitable piece of muscle approximately 
2 cm. by 1/3 cm. was cut in the Jong axis of the muscle fibres which is 
clearly marked, and mounted in the usual isolated organ bath in 
oxygenated Tyrode solution at 37-5 °C. attached to a frontal writing 
lever. Preparations so mounted showed spontaneous activity of varying 
degree for 8 to 10 hours; portions preserved at 4°C. could be revived 
after 24 hours. Drugs were added in solution to make various final 
concentrations in the 75-ml. bath used. Between tests the preparation 
was washed twice with Tyrode solution and allowed 15 minutes or 
more to recover. 

Material 

The specimens used in this work were from 8 cases of chronic duodenal 
ulcer operated upon for intractable pain. The muscle fibres used for 
test were taken from the anterior or posterior wall of the stomach as far 
from the pyloric region as possible, i.e., the reactions to be described are 
those of the longitudinal muscle of the body of the human stomach. 
The stomachs were free from disease in themselves as there was no gastric 
ulcer or inflammation and no pyloric stenosis or gastric atony or stasis. 


The Normal Contraction 

Anderson® using a viscerographic method describes a phase of relative 
quiescence characterised by small flat topped waves of about 2^ minutes 
duration, a phase of .active contractions and a phase of tonus waves seen 
in the course of spontaneous gastric activity and a tetanic phase seen in 
special circumstances. In the present work all these types of contraction 
were noted. The tetanic phase only occurs under the influence of an 
abnormal stimulus such as the addition of a parasympathomimetic drug 
(see Fig. lA). The phase of quiescence is the usual finding after the 
preparation is first mounted and also occurs spontaneously for long and 
variable periods. It is characterised in the muscle strip by the occurrence 
of small irregular contractions of some 10 to 20 sec. duration with a 
retmm to the base line between each contraction (see Fig. lA). A modi- 
fied form of this activity may be found to occur during the period of 
relaxation between the powerful contractions of the phase of active 
or hunger contractions (see Fig. 4B) though this is not always the case 
(see Fig. 2B). The phase of tonus contractions is often found and is 
characterised by flat-topped contractions of about 2 minutes duration, 
with variable degrees of relaxation in the course of the wave plateau but 
no return to the base line (see Fig. 4A). The active or hunger contraction 
is the most characteristic activity and occurs in spontaneous bursts which 
reach a maximum degree of contraction after some 10 contractions, con- 
tinue for a variable period from 5 minutes to 2 hours or more, and cease 
abruptly or more commonly by declining in vigour to assume the char- 
acteristics of the tonus wave or the phase of relative quiescence. Thus 
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the egect of histamine 10 ' Barium chloride 10 also causes mcreased 
motor activity of an irregular ^ and may give nse to tetMV. 

(d) Spasmolytic compounds . — ^The action of atropine sulphate on this 
preparation was examined in detail because of the OTntroversj' as to 
whether this drug produces a motor response in certain sinall doses, as 
Danielopolm and Anderson and Morris' suggest,^ or is invariably 
inhibitor in action as Henderson and Sweeten® maintain. In the majoriri 
of specimens atropine sulphate produced an inhibitor response in aU con- 
centrations of the drug which showed any action. If the muscle was in a 
phase of active contraction the contractions were diminished in extent 
though they might become rather more frequent The inhibitory action 
of atropine in a concentration of 5 x 10'® on a muscle strip in the phase 
of active contraction is showm in Figure 2A. Lesser concentrations than 
lO-' had no effect and usually lO"® was needed to produce any great 
degree of inhibition. The actiriti' termed the phase of tonus waves was 
likewise inhibited by atropine and the action of acetj'lcholine prevented 
or abolished. If the muscle was in a phase of relative quiescence the 
small movements diminished or disappeared. 

In 3 specimens out of the 8 ex- 



Fig. 3.— .\s in Figure 1. 3A shows 
mterruptioa of a long period of rela- 
me quiescence by a short burst of 
aclwe contractions after addina atro- 
pjic sulphate 10 ’. 3B shows the in- 
crease in tone and rate of contraction 
caused by adding atropine sulphate 
10 ’ dunng pha'c of acme con- 
tractions. 


amined atropine sulphate in a 
concentration of Id' produced a 
motor response. This consisted of 
either a speeding up of the contrac- 
tions seen in a phase Of active con- 
traction (see Figure 3B) with a slight 
rise in tone, or the production of a 
short burst of active contractions in 
the middle of a prolonged period of 
relative quiescence (see Figure 3A). 
Further addition of atropine caused 
inhibition of the stomach muscle, 
but the effect could be repeated after 
a period of absence of drug of I to 
1 hour. 

Pavalrine (diethylaminoethyl 
fluorene carboxylate), which has 
been shown by Lehmann and 
KnoefeT to have less than 1/20 of 
the potency of atropine in reducing 


the hj'psrmotilirt' caused in the 
stomach of the anasthetised dog by previous injection of insulin, was 
aaivc as an inhibitor of contractions in the muscle strip. The concentra- 
tion icqnircd to produce an effect similar to that of atropine 5 x 10" 
was about 10'® (see Fig. 2B). In the small number of tests made on 
isolated human gastric muscle it would therefore appear that pavatrine 
approximates more nearly to the activity of atropine than the work of 
Lehmann and Knocfcl’ on anasthetised insulin-injected dogs would 
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gastric muscle by adrenaline is in agreement with Smith^ Tezner and 
TurolF, Dickson and Wilson^S Barron‘== and Anderson and Moms*. 

It would appear that adrenaline and acetylcholine and their synthetic 
analogues act in a similar manner upon the isolated gastric mu^le as 
upon the intact stomach in man and in animals. Since histamine is nsed 
clinically to promote a flow of gastric juice its action on stomach move- 
ments is of some importance. According to Schenk^^ it increases gastric 
motility (roentgenological studies); according to Anderson and Morris' 
(viscerographic studies) it inhibits gastric activity. Histamine has a motor 
effect upon a wide variety of isolated preparations of smooth muscle, but 
not on all. Nevertheless it is unusual for the action to vary in any one 
species between in vitro and in vivo preparations of the same type of 
muscle, especially in the absence of ansesthesia, ^ The dose used by 
Anderson and Morris’ was hO mg. per patient, which was less than that 
used by Schenk’^ who gave 6 to 8 mg. per patient. The latter dose may 
approximate more closely to that used in the present work (10'® con- 
centration). Both X-ray and viscerographic recordmg in intact human 
beings have certain weaknesses, not least of which is the possible intro- 
duction of autonomic activity in the patient following upon psychic dis- 
turbance as a result of hypodermic injection. 

The action of atropine and- other spasmolytic compounds is mainly 
that of inhibition of gastric motility as Bastedo’® and Henderson and 
Sweeten® claim, but the finding of Danielopolu® and Anderson and 
Morris’ that small doses of atropine may increase gastric activity is also 
supported. The nature of this activity is obscure. The differing effects 
of morphine found with the isolated muscle may help to explain the con- 
fusing effects reported by Tolley and Abbot’®, Myers” and Anderson and 
Morris’. 

The general conclusion reached was that the actions of the drugs in 
common use described were essentially the same in intact patients and 
in isolated portions of stomach muscle and that the differences observed 
wuld probably be explained by complexities in interpretation of record- 
ings from the intact human being, and complexities due to modification 
of the action of the drugs by influences from the nervous system of the 
patient (psychogenic and otherwise), influences from the varying content 
of the viscera, and influences from varying doses and routes of 
administration of the drugs in clinical use. The beneficial effect of bella- 
donna in the Ueatment of peptic ulceration may well be explained by the 
scdauve effect of adequate doses of atropine on gastric motflity and the 
blocking effect of this drug on the part played by vagal activity in gastric 
secretion. 


NUMMARY 


1. Strips of longitudinal muscle were obtained from the anterior an 
postenor w-all of the human stomach removed aT Sst?2Sv k 

b .h 'f S Sate 

organ bath and movements recorded. 
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(e) Anti-histamine Compounds . — ^Recently - Graham^o compared the 
spsmolytic potency of benadryl, neoantergan (2786RP) and antistine. In 
view^ of the property displayed by these compounds of inhibiting con- 
tractions of gut muscle caused by barium and acetylcholine as well as 
histamine it is not surprising that a concentration of 10-= neoantergan or 
of benadryl reduces the extent of the active contraction and the tonus 
wave of gastric muscle (see Fig. 2C). Benadryl is less powerful than neo- 
antergan in abolishing spasm induced by the addition of histamine but is 
the more active of the two in inhibiting spontaneous contractions of the 
gastric muscle. 


(f) Morphine . — ^The action of morphine has been the subject of much 


discussion. Myers” working with 


^ A 



. viscerographic record of decerebrate 
cats reported mostly an inhibition 
of gastric muscle activity with occas- 
ional responses by increased move- 
ment after injection of morphine. 
Anderson and Morris* working on 
human subjects reported a diminu- 
tion of gastric movement followed 
by a temporary increase and a final 
state of relative quiescence in fasting 
patients showing a phase of active 
contraction. 

With isolated strips in the present 
work varying effects were obtained. 
The quiescent muscle and the 
actively contracting muscle were 
not affected by morphine tartrate in 
concentration form lO"^ to lO'^ (see 
Fig. 4B). The muscle in tonus 
waves showed an increase in tone 
with concentration from 10'® to lO"*. 
No tetanic spasm was produced nor 
did the amplitude of the individual 
wave contractions increase (see 
Fig. 4A). 


Fig. 4. — As in Figurel, 4A shows in 
crease of tone during phase of tonus 


Discussion 

The statement that the fasting 


wave changes after adding morphine stomach is never entirely at rest is 


tartrate 10 ‘. 4B shows the absence supported by the observation of 

of effect after adding morptoe 10 activity of some sort in isolated 

during the ohase of active contractions. . ^ ^ ... • 

aunng int piia human gastric muscle. 

Hollow smooth muscle viscera with a variable content are seldom 
at rest. The stimulant action of parasympathomimetic compouncte 
found in 'this work supports the findings of Smith^ and Barron”. 
a:nd that of histamine agrees with the findings of Schenk” \yhile 
disagreeing with Anderson and Morris^ The inhibition of isolated 
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the evaluation of tragacanth by iviEANS OF 
apparent ^tscosity determined in a standard 

U-TUBE VISCOMETER 
Part II. — Whole Gum 
By W. P. Chaalbers 


From the Laboratory of Damancy & Co.. Lid. 

Received August 25, 1948 

In a previous communication* a method was suggested for the routine 
comparison of the apparent viscosities of powdered tragacanth by the 
use of a U-tube riscometer. 

It was found that in order to use this t>’pe of instrument the sample 
of mucilage must be relatively homogeneous, a condition that was 
arrived at by the combined application of heat treatment and mechamcal 
homogenisation. Using the U-tube \'iscometer it was not found possible 
to attain homogeneiu- by heat treatment alone without reducing the 
viscosity of the sample to figures that bore but little relation to the 
original viscosity; and as the object was to exhibit the gmn at a point 
as near as possible to the maximum viscosity, both heat and mechanical 
treatment were found to be necessary. The problems involved in the 
evaluation of the whole gum are essentially those encountered in the 
powder, but modified to some extent by the intractable nature of the 


An examination of a number of commercial samples of whole gum 
showed great diversity in size, thickness, texture and colour; while 
attempts to prepare mucilages from flake, without preliminary treatment 
and within those limits which are known to be without deleterious action 
on the viscosity, resulted in complete failure. That mucilages can be 
prepared from whole gum by treatment with boiling water or by im- 
mersion in a water-bath over a sufficiently long period is, of course, 
recognised, but as previous experiments show, such a method of ensuring 
homogeneity does not yield comparable results when determinations are 
carried out in a U-tube viscometer. It has long been recognised that the 
quality of tragacanth is adversely affected when the whole gum is re- 
duced to powder by the customary' commercial methods, and this has 
usually been thought to be due to mechanical destruction or to the heat 
created during grinding; but whatever the cause, it is advisable that 
both these attributes to a reduction of viscosity be maintained at the 
lowest level. 

The method as finally adopted consists of “ kibbling ” in a mortar a 
suitable quantity of a representative sample of the flake until it passes 
a No. 30 sieve, after which the sample is thoroughly mixed. Attempts 
.It prepanng mucilages from this treated materiaT, although an advance 
over the whole gum. resulted in products which, even 'after standing 
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2. Spontaneous movement included periods of relative quiescence, 
periods of slow wave changes in tonus, and periods of active contraction. 
Periods of tetanic spasm could be induced by drugs. 

3. Acetylcholine, carbaminoylcholine, eserine, barium and histamine 
stimulated the muscle, and adrenaline, ephedrine and amphetamine 
inhibited it 

4. Atropine, pavatrine, benadryl and neoantergan (2786 RP) inhibited 
spontaneous and drug induced contractions. Small doses of atropine 
(concentration of lO'O occasionally had a motor effect on the muscle 
strip. 

5. Morphine had no effect on the quiescent or actively contracting 
muscle, but increased the tone of the slow wave of tonus change. Irregu- 
larity of spontaneous activity and response to drugs was a marked feature 
of the preparation. 

This work was done during the tenure of an I.C.I. Fellowship in 
Pharmacology. It is desired to thank Prof. C. F. W. Illingworth and 
Mr. R. A. Jamieson, of the Peptic Ulcer clinic at the Western Infirmary. 
Glasgow, for the specimens of human stomach. 
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THE EVALUATION OF TRAGACANTH-PART H 

is’therebv accelerated to an approximate maximum and at the same 
time such temperature is without nindue significance m its destructne 
effect on the viscosity. 

As the strengths oi the mucilages made from whole gum were the 
same as those previously used in experiments on 
0-5 per cent., it was at once apparent m the samples so far examin^ th 
the viscosities obtained when .using whole gum were far higher than 
those encountered in' the case of the powdered drug. Usmg a No. 3 
U-tube viscometer (K = 0-306) it is unusual, at a strength of 0-5 per 
cent to find times of flow for the powdered gum in excess of lUUU sec,, 
yet i the case of whole gum times of the order of 2000 to 5000 sec. 
are quite common. 

It would thus appear- that the whole gum is a far supierior article, as 
judged by apparent viscosity, than the generally available commercial 
powder. The baowledge that the gum yields a product of inferior 
quality when ground leads naturally to the assumption of different stan- 
dards for the two forms; and this fact renders the use of the U-tube 
viscometer more rational than otherwise would be the case. In Table 
n are recorded a few results showing the figures for t'lmes of flow 
of mucilage of whole gum, when partly ground and when fully ground, 
and although the complete history of < the gums was not fully 
known, the figures nevertheless suggest that a reduction of viscosity 
may be expected on grinding. 


TABLE U 

the effect of grinding on the viscosrry (times of flow in sec.) of 0-5 per 
CENT, homogeneous MUCILRGES PREPARED FROM WHOLE GUM, PARTLY GROUND 
AND FULLY GROUND GUM 


Sample 

Whole Gum j 

No. 80 Ponder 

No. 140 Powder 

, 

1657 

1302 

840 

2 

300 

205 

I2I 

3 

167 

172 

98 

4 

2830 

— 

1830 

5 

2760 


1962 

6 

2B6 

. — 

183 


Strengths of mucilage that are applicable to the powder are, when 
applied to the whole gum, found to yield times of flow that are altogether 
too time-consuming for routine comparisons, and it is necessary 
to reduce the strength of the flake to yield figures that are comparable 
to those obtained when using the powder. A reduction in weight from 
1-0 g. to 0-75 g. results in limes of flow for the flake which are of the 
order of those obtained for the powder. The effect, of reducing the 
strength of the mucilage is seen to be roughly proportional over the ranae 
of concentrations examined (Table III). 

Mci/iorf.— Kibble a representative sample of whole gum in a mortar 
^ sieve. To 0-75 g., accurately weighed, contained 

m a 300-ml. conical flask, add 5 ml. of alcohol (95 per cent.) followed 
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for several days, showed large aggregations of undispersed gum. The 
problem of effecting “ solution ” of the gum was finally solved by the 
use of a mechamcal stirrer. A simple Pyrex all-glass stirrer operated 
by compressed air was found to be very satisfactory. The addition ol 
alcohol prior to the addition of water serves to keep the particles of 
gum sufficiently separated untU the stirrer can be introduced into the 
flask. In the absence of alcohol, aggregates of gum are formed which 
axe not usually dispersed by subsequent stirring. Fairly good dispersion 
is usually- effected in less than one hour’s stirring. 

It soon became obvious that the emplo 3 rment of the same technique 
as that used for the powder, namely, allowing to stand at room tem- 
perature for 48 hours, would not result in full hydration of the gum. 
In addition, most samples contained a proportion of woody debris in 
amounts that would probably block the jet of the homogeniser. The 
mucilage, therefore, after standing for about 24 hours, was “ cleaned ” 
by passing it twice through a No. 100 sieve by means of reduced 
pressure. It was usually necessary to assist the mucilage through the 
sieve by means of a very small stencil brush, finally removing any 
mucilage adherent to the under surface of the sieve by means of a spatula. 
For this purpose it is desirable to use a piece of apparatus which can 
easily be dismantled and a suitable combination may be made from a 
Phoenix filter funnel, diameter 3^ inches, and a Sifting Investigator out- 
fit carrying B.S.S. sieves of 3^ inches diameter. With a view to accelerat- 
ing the rate of hydration and studying the effect of maintaining mucilages 
at different temperatures, a series of samples were stored in an oven 
operating at controlled temperatures. Table I shows the effect of such 
treatment on four different gums. 


TABLE I 


The effect on the viscosn y (times of flow in sec.) of 0-5 per cent, mucilages, 

PREPARED FROM WHOLE GUM, OF MAINTAINING THEM AT VARIOUS TEMPERATURES 


Period 1 

48 hours 1 

24 hours 1 

48 hours 

j 48 hours 

48 hours 

48 hours 

Temperature 

-c. 

Room 

40° 

40° 

LA 

o 

0 

60® 

70® 

] 

243. 283 
258 

272, 260 
342 

351, 355, 374 
422, 367, 361 

447, 451, 450 
478, 439, 430 

421, 408, 412 
418, 423, 439 

189, 246. 171 
237.210 

2 

2500 

2734 

2520, 3022 

3300, 2820 

1805, 1735 

925 

3 

3840 

3720 

5015, 4800 

3670, 4080 

2440,2930 

813 

4 

1735 

2160 

1 

2280, 2290 

1 2100,2040 

1680, 1765 

814 


From these experiments it emerges that, in general, using a U-tube 
viscometer, maximum hydration is not attained by allowing the mucilage 
to stand at room temperature for 48 hours. The viscosity is seen to 
rise until a maximum is reached around 40 °C., above which a falling off 
occurs, while a temperature of 70°C. has a very inarked effect in re- 
ducing the viscosity. It may reasonably be assumed, therefore, that m 
employing an oven temperature of 40'‘C. for 48 hours, the hydration 
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THE EVALUATION OF TRAGACAISTH— PART II 

Results of viscosity detenninations on whole gum are seen to be 
considerably more variable than those on the powdered dhig, and this 
is thought to be caused by a more variable rate of hydration resulting 
from the use of a kibbled product, which presents a surface to the 
hydrating medium that is only a fraction of that presented by a fairly 
uniform fine powder; in addition to the methodic errors the operative 
errors are also greater. 

Summary 

1. A method is described for the routine comparison of the apparent 
viscosity of whole gum. 

2. When determined in a U-tube viscometer, mucilages prepared 
from whole gum reach maximum hydration, and therefore maximum 
viscosity, after storage for 48 hours at a temperature of 40°C. With 
shorter periods at lower temperatures hydration is not complete and the 
viscosity is below the maximum, while with higher temperatures over the 
same period, although hydration is complete, the viscosity is reduced 
by virtue of the destructive effect of the hi^er temperatures. 

3. At the same concentration, mucilages of whole gum yield higher 
viscosities than when commercially powdered, thereby indicating a loss 
of quality mainly due to grinding. 

This paper is published by permission of the Directors of Damancy 
& Co., Ltd. 
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by 200 ml. of water, swirling the contents of the flask during the addi- 
tion. Immerse the flask up to the neck in a water-bath maintained at 
from 40° to 50 °C., insert a suitable mechanical stirrer and stir at a 
speed suflScient to maintain movement of the particles for about one 
hour. Remove from the bath, stopper the flask and place for a period 


TABLE m 

The effect of variatjon in the percentage strengths of gum on the viscosnr 

(times of flow in sec.) 


Concentration 

0-25 
per cent. 

0*33 
per cent. 

0*375 
per cent. 

1 

0-50 1 

per cent. - 

Ratios 

i i 

1 

163 

455 

694 

i 

3000 

' I 

2-8 : 4 3 : 18-4 

Z 1 

165 I 

1 460 

838 


370Q 

j t 

2-8 : 5-1 : 22-6 

^ 1 

129 j 

' 296 1 

525 

i 

2300 

1' 

2-3 ; 4-! : 17-8 


of 24 hours in an oven maintained at 40 °C. Attach a reflux condenser 
and immerse the flask up to the neck in a bath of boiling water for 5 
minutes, swirling the contents of the flask vigorously' for 5 seconds at 
the end of the first, second, third and fourth minutes. Remove from 
the source of heat and allow to cool to about 40 °C. with occasional 
shaking and replace in the oven for 3 or 4 hours. Remove from the 
oven and by means of reduced pressure pass the contents of the flask 
as completely as possible through a No. 100 sieve twice. Replace in 
the oven imtil about 48 hours have elapsed from the time of com- 
mencement of the assay, after which pass the mucilage 3 times through 
a Q.P. homogeniser using a uniform and even pumping speed of about 
one complete stroke per sec. Determine the apparent viscosity (time 
of flow in seconds) at 20°C. in a No. 3 B.S. U-tube viscometer. The 
results of the application of this method to a number of samples of 
flake tragacanth are recorded in Table IV. 

TABLE IV 

The results of the evaluation of whole gum samples by determination of 

THE APPARENT VISCOSITY (TIMES OF FLOW IN SEC.) IN A NO. 3 B.S. U-TUBE 

VISCOMETER 


Sample 

mm 

BB 

D 

E 

F 

G 

H 

I 


637 

661 

665 

623 

643 

657 

1 

709 ( 45-0 

645 44-0 

690 1 46-0 

660 45-2 

675 45-5 

730 1 45 1 

126 

132 

129 

126 

131 

120 

377 

370 

382 

373 

350 

390 

572 

600 

579 

566 

576 

586 

740 

805 

827 

785 

720 

790 

145 

143 

142 

142 

144 

141 

» 

674 

702 

730 

712 

700 

Mean 

648 

685 j 45-1 

127 

374 

580 

778 

143 

696 



Standard 
deviation 
per cent. 

± 2-5 

± 4-6 

± 1-47 

■ 

■ 

H 


Bno 


106 
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1 dnch, 50 times at intervals of 2 seconds. The powder then ^ 

volume Vd which is reproducible to within nr 1 ml. m 150 ml., givmg 
an apparent density (W/Vd) variation of ±0-002 g. /ml., using 
of specified dimensions. The dropping interval of 2 seconds is the most 
rapid procedure that can conveniently be carried out. There is no advan- 
tage in using a sieve finer than 30-mesh, and there will be a greater tendenci 
for shearing to alter the apparent density. Incr^sing the height or number 
of times the cylinder is dropped lessens the difference m Vd for different 
grades of powder. The test can be modified for use with other powders, 
such as light magnesium carbonate, diatomaceous earth, chalk and barium 
carbonate. 


Jaborandi, Assay of. Report No. 5 of the Poisons Sub-Committee of the 
Analytical Methods Committee of the Society of Public Analysts. {Analyst, 
1948, 73, 311.) In the method recommended, powdered jaborandi leaves 
made alkaline with dilute solution of ammonia, are extracted by percolation 
with chloroform; this is continued until complete extraction is effected as 
shown by a test with Mayer’s reagent The alkaloids are extracted from the 
bulked chloroform solutions using 0-lN sulphuric acid and the 
resulting acid extract after making alkaline with ammonia, is finally extracted 
with successive quantities of chloroform. The chloroform extracts are com- 
bined, evaporat^, dried, dissolved in a standard excess of 0-05N sulphuric 
acid and titrated with 0-05N sodium hydroxide. The result obtained expresses 
the total alkaloid content calculated as pilocarpine. Details of the extraction 
procedure and a method for separating pilocarpine nitrate from the total 
alkaloids are given. R. E. s. 


Morphine and Apomorphine, Determination of, by a, Volumetric-Colorimetric 
Method. A. lonesco-Matiu, J. Popa and L. M o n c i u. {Ann. 
pharm. Franc., 1948, 6, 25.) In a 200-inl. conical flask, place a known volume 
of the morphine solution, 0-5 to 2 ml., and evaporate to dryness on a water- 
bath; to the residue add 2 ml, of concentrated sulphuric acid, and heat to 
boiling on a water-bath for 30 minutes; cool, and add svith shaking, 100 ml. 
of distilled water, and neutralise to sodium, using one drop of phenolphthalein 
solution. Add to the solution 5 drops of a saturated solution of corrosive 
sublimate and 5 drops of a 10 per cent, solution of sodium acetate; heat to 
boiling for one minute, when the solution changes from colourless to green, 
through violet to an intense blue. Cool the solution under a current of water, 
add 2 ml. of 20 per cent, sulphuric acid and, using a micro-burette, add drop 
by drop solution of N/10 potassium permanganate, until the solution has 
changed to a yellowish-brown colour, the permanganate solution maintaining 
Its colour for several seconds; each mi. of N/10 potassium permanganate is 
equivalent to 0-00495 g. of morphine hydrochloride. The same method may 
be employed for the determination of apomorphine, commencing with the words 
Add to the solution 5 drops ....”; each ml. of N/IO potassium permanganate 
IS equivalent to 0-00294 g. of-apomorphine hydrochloride. The determination 
of cither morphine or apomorphine may be made even in the presence of 
erther alkaloids. « , „ 


1948 87 G- di Bacco. {Boll, chim-farm. 
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i-m>r-Ecgonine, Complete Extraction of the Bases and Acid Esters from Coca 
Leaves. A. W. K. de Jong. (/?cc. Trav. chim. Pays-Bas, 1948, 67, 153.) A 
considerable quantity of a number of bases has been extracted for quantitative 
determinations, from coca leaves at 55°C. with a mixture of ben 2 ene, methyl 
alcohol and N/1 ammonium hydroxide, but some of these are not ecgonine 
alkaloids. Since the ecgonine alkaloids are soluble in ether, the benzene and 
methyl alcohol extraction was replaced by ether extraction in a Soxhlet appa- 
ratus, but this method too had its disdavantages. When it was proved that 
coca leaves contain /-«or-ecgonine, which could be converted by methylation into 
/-ecgonine, and thus was of value for preparing cocaine, a return to the benzene 
and methyl alcohol extraction at ordinary temperature, to prevent decomposition 
of the methyl ester, was indicated. A smaller quantity of the bases was ex- 
tracted at ordinary temperatures than at 55°C. and it was necessary to add 
water to the menstruum, care being taken not to add more than was required 
to dissolve the salts of the bases. For the extraction now proposed, coca 
leaves, 20 g., are mixed with finely powdered calcium oxide, wWch rapidly 
absorbs all the water contained in the leaf tissue, and dried for 24 hours. They 
are then shaken with 100 ml. of anhydrous benzene, 5 ml. of absolute methyl 
alcohol, and a volume of ammonia solution, containing exactly 1-938 g. of 
water. After another 24 hours, a quantity of finely powdered calcium o.xide, 
corresponding to the amount of water used in the ammonia solution, is added, 
and after thoroughly mixing, the extractor is closed and the mixture allowed 
to stand. The calcium oxide absorbs the water and the calcium hydroxide 
formed sets free the ammonia and the bases, while the acid esters of l-nor- 
ecgonine are converted into their calcium salts; decomposition of the alkaloids 
is thus prevented. Percolation is started after 24 hours at a slow rate (about 
5 drops per minute), and when the solvent mixture has been used, a quantity 
of a mixture of anhydrous benzene and absolute methyl alcohol, which boils 
at 58°C., is added to the leaves. The percolation is stopped when 800 ml. of 
percolate has been collected, and the benzene-methyl alcohol mixture distilled 
at 58°C. The remaining benzene is filtered from the calcium salts, which 
are insoluble in benzene. The residue is shaken with 25 ml. of N/5 hydrochloric 
acid, and 100 ml. of ether and the quantitative determination of the bases 
(by titration, using methyl red solution as indicator), of the cocaines (using 
N/i sodium carbonate), and finally of /-«or-ecgonine is carried out on the 
hydrochloric acid layer. t- h- f 

ANALYTICAL 

Apparent Density of Dry Powders, a Method for the Determination of. 
W. B. Ault (/. Soc. chem. Ind., Land., 1948, 67, 313.) 40 g. of precipi- 
tated calcium carbonate is irubbed through a 30-mesh sieve and transferred, 
without jolting or shaking, to a 250 ml. glass measuring cylinder. The 
powder occupies a volume V.., depending upon its lightness or bulkiness, 
but it is difficult to obtain reproducible results for this quantity. The 
cylinder is fitted with a bung, placed in a box and allowed to drop through 
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I inch, 50 times at intervals of 2 seconds. The powder then ^ 

volume Vd which is reproducible to withm re; 1 ml. ut 150 ml., g g 
an apparent density (W/Va) variation of ±0-002 gJmi.. using 
of specified dimensions. The dropping interval of 2 seconds is the most 
rapid procedure that can conveniently be carried out. There is no a - 
tage in using a sieve finer than 30-mesh, and there will be a grater ten J 
for shearing to alter the apparent density. Incr^sing the height or numbj 
of times tbe cylinder is dropped lessens the difference m Vd for 
grades of powder. The test can be modified for use with other powders, 
such as light magnesium carbonate, diatomaceous earth, chalk and barium 
carbonate. 


Jaborandi, Assay of. Report No. 5 of the Poisons Sub-Committee of the 
Analytical Methods Committee of the Society of Public Analysts. {Analyst, 
1948, 73, 311.) In the method recommended, powdered jaborandi leaves 
made alkaline with dilute solution of ammonia, are extracted by percolation 
with chloroform; this is continued until complete extraction is effected as 
shown by a test with Mayer’s reagent. Tbe alkaloids are extracted from the 
bulked chloroform solutions using 0-lN sulphuric acid and the 
resulting acid extract, after making alkaline with ammonia, is finally extracted 
with successive quantities of chloroform. The chloroform extracts are com- 
bined, evaporated, dried, dissolved in a standard excess of 0-05N sulphuric 
acid and titrated with 0-05N sodium hydroxide. The result obtained expresses 
the total alkaloid content calculated as pilocarpine. Details of the extraction 
procedure and a method for separating pilocarpine nitrate from the total 
alkaloids are given. r. e. s. 


Morphine and Apomorphine, Determination of, by a Volumetric-Colorimetric 
Method. A. lonesco-Matiu, J. Popa and L. M o n c i u. {Ann. 
pharm. Franc., 1948, 6, 25.) In a 200-ml. comcal flask, place a known volume 
of the morphine solution, 0-5 to 2 ml., and evaporate to dryness on a water- 
bath; to the residue add 2 nd. of concentrated sulphuric acid, and heat to 
boiling on a water-bath for 30 minutes; cool, and add -with shaking, 100 ml. 
of distilled ivater, and neutralise to sodium, using one drop of phenolphthalein 
solution. Add to the solution 5 drops of a saturated solution of corrosive 
sublimate and 5 drops of a 10 per cent, solution of sodium acetate; heat to 
boiling for one minute, when the solution changes from colourless to green, 
through violet to an intense blue. Cool the solution under a current of water, 
add 2 ml. of 20 per cent, sulphuric acid and, using a micro-burette, add drop 
by drop soluUon of N/10 potassium permanganate, until the solution has 
changed to a yellowish-brown colour, the permangauate solution maintaining 
its colour for several seconds; each ml. of N/10 potassium permanganate is 
equivalent to 0-00495 g. of morphine hydrochloride. The same method may 
be employed for the determination of apomorphine, commencing with the words 
Add to the solution 5 drops ....”; each ml. of N/10 potassium permaneanate 
is cquh-alcnt to 0-00294 g. of-apomorphine hydrochloride. The determiuation 
of cither morphine or apomorphine may be made even in the presence of 
other alkaloids. _ , ,,, 


1 94? " G. d i B a c c o. (Boll, chim-farm., 

1948, 87, 1 4.) Extracts of medicinal plants can be identified and their 

chromatographic tests. Aluminium oxide 
s used as the medium, m a glass tube 15 mm. in diameter and 180 mm 
long, drawn off to a point so that the liquid can flow out at the rate of 


109 



ABSTRACTS 


30 drops a minute The lower end of the tube is plugged with cotton wool 
and about 10 g. of aluminium oxide suspension in light petroleum is poured 
in; the column of oxide should occupy 90 mm. When the light petroleum 
has flowed out, leaving a layer 8 or 10 mm. above the oxide, the solution 
or suspension of the extract to be examined is poured on, allowed to pass 
through, and the chromatogram developed by washing with two lots of 
light pietroleum. For liquid extracts of rhubarb, cascara and frangula, 
1 g. of the extract is shaken from time to time during 30 minutes with 
light petroleum 10 ml., benzene 10 ml., ether 5 ml. and the clear supernatant 
liquid is poured on the oxide. The liquid extract of genuine rhubarb of 
the Italian Pharmacopoeia gave a 2 mm. yellow band, an 8 mm. red band, 
a 10 mm. pink fringe; a liquid extract of genuine rhubarb soluble in syrup 
gave a 1 mm. yellow band, a 6 mm. red band, a 12 mm. pink fringe; a 
liquid extract of European rhapontic rhubarb gave a 0-5 mm. yellow band, 
a 12 mm. pink fringe; a mixture of equal parts of genuine and rhapontic 
liquid extracts gave a 0-5 mm. yellow band, a 3 mm. red band, a 12 nun 
pink fringe. Evidently the red band is due to anthraquinone derivatives, 
and shows the rhapontic rhubarb to be inferior to the Chinese and the 
soluble extract inferior to the official. The liquid extract of cascara of the 
Italian Pharmacopoeia gave a 0-5 mm. yellow band, a 1 mm. red band, 
a 3 mm. bright red band, a 16 mm. pink fringe (the column viewed from 
above is coloured yellow). The aromatic, bitterless extract of cascara of 
the Italian Pharmacopoeia gave a similar chromatogram with a more accent- 
uated yellow band; liquid extract of frangula gave a 2 mm. bright red 
band and a 4 mm. pale pink fringe. To verify an extract, the chromatogram 
should be compared with one obtained from an extract of proved authen- 
ticity and the activity may be judged to be proportional to the length of 
the coloured bands. R- ° 

FIXED OILS, FATS AND WAXES 

Whale Oil, Component Acids and Glycerides of. T. P. H 1 1 d i t c h 
and L. M add iso n. (/. Soc. chem. hid.. Land., 1948, 67, 253.) 
The component acids of Antarctic whale oil have been previously separated 
by means of their lithium and lead salts, with subsequent analysis by ester 
fractionation. They have now been re-examined by the rnore recent proc^ 
of crystallisation from solvents at low temperatures. This method is easier 
and quicker and gives results agreeing with the earlier The results are given 
below. 

Component acids of antarctic whale oil 



By lithium and 
lead salt 

By low-temperature crystallisation 


separations 

(a) 

(6) 



ner cent (wt ^ 

per cent (wt 

Laurie 

0 2 

Trace 

0 3 


9 2 

9 3 

Mynstic 

15 6 

15 6 

15 6 

PaJmitic 


1 9 

2 3 

Steanc 


0 6 

0 2 

Arachidic 


2 5 

2 6 

Unsaturated Cu 

14 4 

13 9 

13 8 


35 2 

37 2 

36 9 


13 6 

12 0 

12 2 

” 

, 5 9 

7 1 

6 8 


0 2 
i 
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The componeat glycerides have also been segregated by crystaUi^tion from 
acetone at^-60°C. upwards. The following figures are sunilar to previous 
S?&ongh difiering m some respects: about 16 per cent of drsatoa^d 
and 2-5 per cent, of trisaturated glycerides, about 30 per cent, of tn-unsaturated 
filycerides, and about 50 per cent, of glycerides containing one saturated acid, 
one unsaturated C., acid, and one of the other homologous unsaturated acids. 
About 45 per cent, of the oil contains acids of the C-.o and Cj-. series, and oleic 
groups are present in over 90 per cent, of the oil. H- 


INORGANIC 

Sulphur Absorbed by Clays, Chemical Activity of. A. M a 1 q u o r i. {Ann 
Chim. appl., Roma, 1948, 38, 146.) The chemical activity of the sulphur absorbed 
by clays when heated with them was tested by boiling a weight of the clay 
containing 0-5 g. of sulphur with 0-5 g. of calcium hydrowde and 100 ml. of 
water and boiling for exactly I minute, cooling rapidly away from air and 
determining the sulphur in 10 ml. by oxidation and conversion to barium 
sulphate. If these sulphurised clays are kept in a moist atmosphere the sulphur 
rapidly becomes insoluble in calcium hydroxide; the loss in solubility varies 
for different clays from 8 to 45 per cent, in 14 days. The author connects 
this behaviour with the hygroscopic water. H. D. 


BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Mti-pcrnicious Anremia Factors from Lher, Purification oL E. L e s t e r 
Smith. {Nature, 1948, 161, 638.) This is a report of the preparation from 
ox liver of two pigments, both highly active in pernicious anremia. The crude 
extract was purified by the methods employed by Emery and Parker {Biochem. 
J; 1946, 40, iv) and then by repeated chromatography; subsequently, proteolysed 
hver extract was used as the starting material and gave better yields of a product 
with a higher activity. Four tons of material yielded barely 1 g. of the red 
matenal from 6 separate lots of liver. The minimum effective single dose for 
the best 4 preparations from non-proteolysed liver was assessed at about 0-6 
rag., proteolysed hver yielding 1 preparation (L.E.445) effective at 0-3 mg. 
Ten batches of red material all proved clinically active (in 26 cases), and it was 
found that activity and colour are inseparable. Further chromatographic 
purification of one of these preparations, following the action of mixed bacteria, 
gave a product with 8 times the colour intensity of L.E.445, which, if activity 
remains proportional to colour, should be effective at 0-04 mg. The products 
arc amorphous solids, with the colour of cobalt salts, but showing only general 
absorption of visible and ultra-violet light, and with molecular weights, as 
indicated by the diffusion method, of about 3,000 for the pigments from both 
proteolysed and non-proteolysed liver. On exposure to daylight there is a 
gradual change in colour from red to orange, accompanied by a marked change 
m chromatographic behaviour. The products are exceedingly soluble in water 
•soluble in nearly anhydrous alcohol, acetone, and glacial acetic acid, but in- 
solub c in ether, chloroform and non-polar solvents. The author concludes 
that the two pi^cnts arc differing forms of the classical liver fraction first 
postulated by Minot and Murphy, and are not an incomplete substitute such 
as folic acid or thymine. True pernicious amcmia and its associated neurological 
disturbances do not require a multiplicity of factors but respond to a sSJe 


in 



ABSTRACTS 


factor. With an effective dose equivalent to some 20 mg. (and possibly only 
2-5 mg.) daily, this is one of rhe most potent of known physiologically active 
substances. s. l. w. 

(Estrogens, Preparation from Urine by Apph'cafion of High Temperatures. 
Felix Sulman. {Nature, 1948, 161, 605.) The usual methods of ex- 
tracting cestrogens from the urines of pregnant women, pregnant mares, or 
stallions, with solvents which are not miscible with water, have certain inherent 
disadvantages. Large extraction vessels and large volumes of urine are required 
and this involves using a large distillation apparatus and consequently high 
fuel consumption for evaporation of the solvent; in addition the cestrogens 
are usually contaminated with organic material. In overcoming these difficulties 
it was found that the urine could be evaporated till a sticky, gum-like residue 
remained; this was heated to a temperature not exceeding 245°C. for 5 minutes 
so as to carbonise the bulk of the organic matter. The cestrogens, such as 
oestradiol, oestrone, oestriol, hippulin, equihn and equilinin were not destroyed 
by this procedure. The carbonised mass was extracted with organic solvents 
and the extract, containing the cestrogens in rather high concentration, was 
evaporated. The dry residue obtained possessed a high degree of purity, since 
most organic impurities had been carbonised, and was further purified by the 
usual methods. l. h. p. 

StilbcEStrol Monoglucuronide, Isolation from Human Urine. K. S.Dodgson 
and R. Tecwyn Williams. {Nature, 1948, 161, 604.) It has been claimed 
by Wilder Smith {Nature, \9^1, 160, 787) that 50 per cent, of stilboestrol 
administered to human beings is excreted as a monoglucuronide. The authors 
were able to isolate the benzylamine salt of stilboestrol monoglucuronide in 
a pure crystalline state from the urine of two women, immediately after par- 
turition. These patients had received a total of 100 mg. of stilboestrol each 
in 24 hours. The benzylamine salt had-m.pt. and mixed m.pt. 223°C. and was 
Iffivo-rotatory with = —55° (c= 0-2 in 50 per cent, aqueous acetone). 

It appeared identical with a sample previously prepared from pure stilboestrol 
monoglucuronide isolated from rabbit urine. The yield of the benzylamine 
salt corresponded to 35 per cent, of the stilboestrol which had been administered. 
In addition to the monoglucuronide, small amounts of free stilboestrol were 
also detected in these urines. L- H. p. 

o-Thymotinic Acid, Preparation and Inhibitory Properties of Derivatives. 
J. P. Street, C. E. Georgi and P. J. Jannke. (/. Amer. pharm. 
Ass., Set. Ed., 1948, 37, 180.) o-Thymotinic acid (l-methyl-2-carboxy-3- 
hydroxy-4-/jopropylbenzene) is structurally related to thymol and salicyfic 
acid. Prepared by treating a solution of thymol in boiling xylene with 
metallic sodium and dry carbon dioxide at atmospheric pressure, it was 
obtained in a yield of 71.1 per cent, as colourless, needle-like crystals, 
m.pt. 126"C., soluble in organic solvents. The preparation of the mono- and 
di-s6dium, silver, magnesium, calcium, barium, mercuric, zinc, cupric, lead, 
ferrous, ferric, aluminium and bismuth salts, and the mono- and di-hexamine 
complexes is described. The determination of their phenol coefficients, using 
Staphylococcus aureus at 37"5°C., showed the silver and mercuric salts to 
have the greatest activity. Fungistatic activity was investigated using the 
cup-plate .technique and five organisms. The mono- and di-hexamine 
complexes showed the greatest activity against Epidermophyton fioccosum, 
Microsporum canis and Tricophyton purpureum; the magnesimm salt also 
had a considerable effect on the growth of these organisms. The mercuric 
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salt was the most effective against Tricophyion mentagrophytes and ^ 

a considerable effect on E. floccosum and T. purpureum. 

was the most resistant of the organisms studied, only tte bismuth ^d 

magnesium salts having any inhibitory effect. The silver, amc, 

and lead salts had no fun^tatic activity against any oi the orgamsms, 

G. 


Trichothecin: an Antifungal Metabolic Product of Trichothecium roseum 
t.tnV, G. F. F r e e m a n and R. I. M o r r i s o n. ^Nature, 1948, 162, iU-l 
The substance responsible for the antifungal activity in cultures of 
Trichothecium roseitm has been isolated in crystalline form in yields of 
20 to 30 mg./l. The name “trichothecin” is suggested for the active sul^ 
stance; after extraction with ether or chloroform from the culture filtrate it 
was purified chromatographically. From light petroleum it crystallised as 
colourless needles m.pL 118°, [a] a 44° . On the basis of micro- 

analytical results the formula CiJIisOi is suggested. The compound is 
neutral, only slightly soluble in water, contains one ketonic and one ethylemc 
group and the results suggest three CH.CH, groups. The antifungal activity 
of this compound is shown against Fun^ Imperfecti, Zygomycetes and 
Ascomycetes. Aqueous solutions of trichothecin were stable at pH 1 to 
pH 10 for at least 48 hours at 20°C. At pH 12 the antifungal activity 
was rapidly destroyed even at room temperature. R. E. s. 


BIOCHEMICAL ANALYSIS 


Cup-Plate Method in Microbiological Assay, with special reference to 
Riboflarine and Anemine. A. L. Bacbarach andW. F. J. Cuthbert- 
son. {Analyst, 1948, 73, 334.) An assay procedure is developed which 
follows the principles of the cup-plate assay of penicillin. The medium is 
made deficient in the single substance to be assayed and the organism chosen 
is one that will not grow in its absence. Solutions containing the missing 
substance are put into the cup and after incubation, a “ zone of exhibition ” 
is shown, the diameter of wldch may show a relation to the concentrations 
of the added nutrient. Conditions are described for producing sharply 
defined zones of growth together with the results of investigations into the 
relations between inoculum density, concentration of test solution and 
diameter of grou’th zone. Details of the procedure for the determination 
of nboflavine and aneurine are given. The relative insensitivity and 
potentialities of the method are discussed. r. E. s. 


Histamine, an Improved Colorimetric Method for the Estimation of. S. M. 
Rosenthal and H. Tabor. {J. Pharmacol., 1948, 92, 425.) 
Attempts to utilise the diazo reaction given by imidazole compoimds for the 
estimation of histamine have shown it to be unsatisfactory because of lack of 
specificity, instability of colours and because of numerous substances in 
biological extracts which inhibit or interfere. To overcome these difficulties 
and extend the sensitivity of the test, the authors compared a large number 
of aromauc amines and finally selected the diazonium salt of 4-nitroaniline 
as the most satisfactory. The coloured azo compounds formed bv 4-nitro- 
diazobcnzcnc in alkaline solution are extracted with an organic solvent, which 
concentrates and uabdiscs the colour. At a suitable pH, using certain OTlvents 
the azo compounds of most interfering substances either remain in the aqueoui 
phase or pass mto the solvent, methyl /mbutyl ketone, with a yellow o?™ 
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colour, while that of the histamine goes into the solvent with a rose colour. 
Aminonia reacts like histamine to give a rose colour in the solvent, but on 
shaking the solvent with a barbitone buffer of pYl 1-1 the rose colour obtained 
with histaimne or acetylhistamine is intensified, while that of ammonia and 
other interfering substances is aboUshed or changed to a pale yellow. A method 
for overcoming the effects of inhibitoiy substances, including those in liver 
extracts and urine, is described; preliminary results on various tissues and 
with histamine indicate a satisfactory degree of specificity for the method, 
which has a sensitivity of approximately 0-5 mg. s. l. w. 

Penicillin, Determination of, by Alkaline Hydrolysis. Stella J. Patterson 
and W. B. E m e r y. (Analyst, 1948, 73, 207.) The alkaline hydrolysis method 
has been modified for routine assays on a large number of samples of solid 
penicillin having a high potency. Several indicators, singly and in combination, 
were tried, to avoid the use of a pH meter; cresol red, which gives a sharp 
colour change at the required pH even in the presence of the yellow pigment 
of commercial penicillin, was finally chosen. For the assay, 0-1 g. to 0-2 g. 
of penicillin, accurately weighed, was dissolved in 50 ml. of distilled water, 
previously boiled for 15 minutes to remove carbon dioxide, and cooled in a 
flask fitted with a soda-lime tube. 1-0 ml. of 0-1 per cent, neutral solution 
of cresol red in alcohol (70 per cent.) was added and N/10 sodium hydroxide 
run in slowly from a micro-burette, delivering drops of from 0-02 to 0-03 ml., 
until a red colour was obtained; a further 10 ml. of N/10 sodium hydroxide 
was added, the flask was stoppered with a rubber bung and the mixture was 
left for 3 hours at room temperature. 10 ml. of N/10 hydrochloric acid was 
then added, and the excess of acid was immediately back-titrated with N/10 
sodium hydroxide, till the indicator changed to the original red colour. The 
difierence between this reading, and a blank, carried out in exactly the same 
manner but omitting the penicillin, multiplied by 59,340 gives the total number 
of I.U. in the sample, and the I.U./mg. can then be calculated. The factor 
59,340 applies only to salts of penicillin G; quantities of penicillin K, or of 
other penicillins, which are present in commercial samples, will affect the 
accuracy of the results. This method has been used to investigate the stability 
of pem'cillin. There are several limitations to the method ; it cannot be used to 
assay the official ointment (500 I.U./g.) or lozenge (500 I.U.) and is applicable 
only for powders containing more than 900 I.U./mg. Also samples which 
showed no biological activity still indicated considerable potency when assayed 
chemically, and it is, therefore, necessary to confirm the results by biological 
methods from time to time. For penicillin in oil and beeswax the penicillin is 
separated by extraction which dry anaesthetic ether. The authors also describe 
an alternative procedure, using a-naphthophthalein as indicator, l. h. p. 

Penicillin G in Small Broth Samples, Estimation of. J. A. T h o r n and 
M. J. Johnson. (Anal. Chem., 1948, 20, 614.) The method described is 
based on the fact that, on a column of Super Filtrol (an acid-treated bentonite), 
j>enicillin G is more strongly adsorbed under given conditions than any other 
known penicillin and may be eluted as a separate fraction. The method is 
particularly applicable to fermentation broths and is not affected by the number 
of types of penicillins occurring in the sample to be analysed. The method 
is not intended for use on purified samples, for which the more accurate physical 
and chemical methods are available. A broth liquid adjusted to pH 4-6 with 
50 per cent., phosphoric acid is used, diluted if necessary with 0-05M potassium 
monobasic phosphate so as to contain between 50 and 200 units of penicillin 
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per ml. The column is washed through with a phosphate buffer solution . 
adjusted to pH 6-1, the elution of the pemcilhn occumng m &e following 
sequence: first, X and dihydro F; second, F; last, G. ^nicilhn K appears 
to be largely if not entirely inactivated upon adsorption. The averap recovep' 
of adsorbed penicillin G varied from 75 to 90 per cent., depending on the 
adsorbent. A factor is thus needed for a particular adsorbent; this is obtained 
by adsorbing known amounts of penicillin G. The application of aqueoiu; 
chromatography to resolution of mixtures of the other known penicilhns is 
described as well as the effect of other acids as eluents. R. E. s. 

Pregnanediol, Rapid Method for Estimation of. J. Rabinovitch. 
{Nature, 1948, 161, 60S.) Pregnanediol can be detected rapidly by a method 
using zinc dust to protect the hormone during acid hydrolysis, and to prevent 
discoloration which would affect the final colour reaction. 1-5 g. of zinc dust 
is added to 100 ml. of urine and the mfacture is heated to boiling-point, when 
10 ml. of concentrated hydrochloric acid is added and the mixture boiled for 
5 minutes. The flask is immersed in cold water and the zinc allowed to settle. 
The supernatant liquid is poured on to a sand column, and the residue of zinc 
is washed successively with 25 ml. of N/1 hydrochloric acid, 25 ml. of N/10 
hydrochloric acid and three quantities each of 25 ml. of water; the washings 
arc poured on to the sand column, and the column is dried by sucking hot air 
through it. The residual zinc is shaken with three quantities, each of 20 ml. 
of hot alcohol (95 per cent.), and the hot extract is decanted on to the sand 
column. The alcoholic extract is passed rapidly through the sand and the 
filtrate is evaporated to dryness. The residue is dissolved in a mixture of 5 ml. 
of alcohol (95 per cent.) and 20 ml. of N/10 sodium hydroxide, and allowed 
to stand in the cold for 1 hour. A precipitate, which contains the pregnanediol 
fraction, is formed, and is separated by filtration through the sintered glass, 
washed with water and dried. It is extracted with 10 ml. of hot alcohol, the 
solution may be used for the Gutterman colour reaction. In this the solution 
is evaporated and the residue dissolved in 5 ml. of concentrated sulphuric acid, 
a deep yellow or orange colour quickly develops if more than 0-5 mg. of preg- 
. nanediol was present in the ori^nal 100 ml. of urine. A negative result is 
shown by a colourless or pale yellow solution. The method may also be used 
for quantitative estimations by using larger quantities of urine and gravimetric 
methods. The sand-zinc method gives results of practically the same order 
as the quantitative method of Astwood and Jones, and is rapid and easy to 
cany out. L. j. 

Tryptophane, Methionine, Cystine and Tyrosine, A Modified Method for 
(lie Microbiological Assay of. E. C. B a r t o n - W r i g h t and N. S. 
Curtis. {Analyst, 1948, 73, 330.) In this modified method, peptone 
is treated with hydrogen peroxide to destroy these 4 amino-acids and the 
resulting product is substituted in the basal medium for the usual series of 
individual amino acids. Details of the treatment of the peptone with 
hydrogen peroxide are given and the individual assay media are described 
The organism recommended for the tryptophane assay is Lactobacillus 
arabinosus 17/5, the incubation temperature is 30'C. and the range of 
ryptoph.™ csBblift a staadart c«„e ia 2 ,o 10 For iL Say o[ 
L-mcthionine, i^cystine and L-tyrosinc the organism used was Leuconostoc 
mcscntctvicles^m. The range of L-methionine was 15 to 40 ug , that of 

Th°e f of. ‘yrosine 10 to 50 pg., to establish I standard 

curve. The assay of DL-methioninc was accomplished using Lactobacillus 
fermentt 36. Protocols of typical standard corves are given. r. r. s 
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colour, while that of the histamine goes into the solvent with a rose colour. 
Ammonia reacts like histamine to give a rose colour in the solvent, but on 
shaking the solvent with a barbitone buffer of jsH 7-7 the rose colour obtained 
with histamine or acetylhistamine is intensified, while that of ammonia and 
other interfering substances is abolished or changed to a pale yellow. A method 
for overcoming^ the effects of inhibitory substances, including those in liver 
extracts and urine, is described; preliminary results on various tissues and 
with histamine indicate a satisfactory degree of specificity for the method, 
which has a sensitivity of approximately 0-5 mg. s. l. w. 

Penicillin, Determination of, by Alkaline Hydrolysis. Stella J. Patterson 
and W. B. E m e r y. (Analyst, 1948, 73, 207.) The alkaline hydrolysis method 
has been modified for routine assays on a large number of samples of solid 
penicillin having a high potency. Several indicators, singly and in combination, 
were tried, to avoid the use of a pH meter; cresol red, which gives a sharp 
colour change at the required pH even in the presence of the yellow pigment 
of commercial penicillin, was finally chosen. For the assay, OT g. to 0-2 g. 
of penicillin, accurately weighed, was dissolved in 50 ml. of distilled \vater. 
previously boiled for 15 minutes to remove carbon dioxide, and cooled in a 
flask fitted with a soda-lime tube. 1-0 ml. of 0-1 per cent, neutral solution 
of cresol red in alcohol (70 per cent.) was added and N/10 sodium hydroxide 
run in slowly from a micro-burette, delivering drops of from 0-02 to 0-03 ml., 
until a red colour was obtained; a further 10 ml. of N/10 sodium hydroxide 
was added, the flask was stoppered with a rubber bung and the mixture was 
left for 3 hours at room temperature. 10 ml. of N/10 hydrochloric acid was 
then added, and the excess of acid was immediately back-titrated with N/10 
sodium hydroxide, till the indicator changed to the original red colour. The 
difierence between this reading, and a blank, carried out in exactly the same 
manner but omitting the penicillin, multiplied by 59,340 gives the total number 
of I.U. in the sample, and the I.U./mg. can then be calculated. The factor 
59,340 applies only to salts of penicillin G; quantities of penicillin K, or of 
other pem’cillins, which are present in commercial samples, will affect the 
accuracy of the results. This method has been used to investigate the stability 
of penicillin. There are several limitations to the method ; it caimot be used to 
assay the official ointment (500 I.U./g.) or lozenge (500 I.U.) and is applicable 
only for powders containing more than 900 I.U./mg. Also samples which 
showed no biological activity still indicated considerable potency when assayed 
chemically, and it is, therefore, necessary to confirm the results by biologicd 
methods from time to time. For penicillin in oil and beeswax the penicillin is 
separated by extraction which dry anesthetic ether. The authors also describe 
an alternative procedure, using a-naphthophthalein as indicator, l. h. p. 

Penicillin G in Small Broth Samples, Estimation of. J. A. T h o r n and 
M. J. J o h n s o n. (Anal. Chern., 1948, 20, 614.) The method described is 
based on the fact that, on a column of Super Filtrol (an acid-treated bentonite), 
penicillin G is more strongly adsorbed under given conditions than any other 
known penicillin and may be eluted as a separate fraction. The method is 
particularly applicable to fermentation broths and is not affected by the number 
of types of penicillins occurring in the sample to be analysed. The method 
is not intended for use on purified samples, for which the more accurate physical 
and chemical methods are available. A broth liquid adjusted to pH 4-6 with 
50 per cent., phosphoric acid is used, diluted if necessary with 0-05M potassium 
monobasic phosphate so as to contain between 50 and 200 units of penicillin 
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deca!yl)-biityl isotmo'oronium faronudK and mercaptaas. 


PHARMA.CY 

DISPENSING 

FoEc Add in Gqrnd Prescriptions. S. S ch ei n dl i Q- {Amer. J Pliaririy 
i9-ts, 120, 103.) FoEc acid is unstable to oxidadoa, leductioa, ac-d, aliaU, 
dr/tsal, acTlation esterificadoa, nsediylation, benaylatioo, mtrous aCid, 
biondne, fajpobioaute, faydroxylamiiie, zia= dust and aceCc acid (stable to 
acedc add* alone) and 1 per cent, nydrogea peroxide, and it h unstaoie 
to li^l bet not destroyed by autoclaxing in the daila FoEc acid is only very' 
sligMy soluble in -water, but its sodium salt is -water-soluble. .An elLxir 
of folic acid containing 5 mg. of folic acid in — rnL of a solution 
containing 10 per cent, of alco'noL artiScial red colo-ur. Savouring agents 
and preser'-atrves. The folic acid was present as the sodium salt and the pH 
was*S-2. A series of mixtures with a -wide range of commonly used 
tnedicaments -was then prepared and stored in clear glass bottles exposed to 
electric light ^-ul not to direct sunlrgnt) for the Srst -week, and then trans- 
fened to a box where they -were protected from li^U The mixtures were 
examined for precipitatioa, colour change, liberation of gas, or change of pH 
after 1 day, I week, and I month. Varying concentrations of alcohol, 
glTKrin andpropylene ^ycol produced no change in arry of the solutions after 
one month. At and below pH -T immediate precipitaEon of folic acid 
occurred; at pH 5-1 the mixture remained clear for over 2~ hours, but at the 
end of 1 week some precipitation had taken plac^ No chan^ was observed 
at any other pH. Mixtures of folic acid elixir with the folio-wing drugs showed 
a precipitate -which could not be easiij- suspended or which contained a potent 
medicament, and the author recommends that such mixtures should not be 
prescribed; — phenobarbitone, cidoial hydrate, tinctirres of hyosci-amus, 
stramonium, nux vomica and diritalis. and quinine dihydTochloride; in 
addidon, salphasuardne -was found to destroy folic add actrvnt}- very 
Tap-.dly. 5 _ £_ ^v. 


G.ALENICAL PH-ARMACY 

Suppository Bases, Examination of Physical Characters oL P. 
M a I a a g e a u- (Am. phmvm IS^S. 6. SQ.) Tne essential leg-uirements 
of a snppositorj- are: (1) that h sho-nid melt at a suSriently lorv temperature 
to become liquid in the rectum (without being -water-solubis), and (2) that it 
should Oder siSc:^ mecn^tol r^rslance to enable its easj- introduetjon. A 
si-mple rnetnod of cetermmxng tne meiUng-pDint is as foEo-ws; vrhen the radtsd 
mas is poured into the nmuld. a thin, polished irjetal rod is plas^'u-nright 
m tas cen^ of the s-uppusitory cav-hy and maintained in that' position until 
i-*esa^3s:tor>’ ^t, so t^ -when the mould is imscre-wed the supnositers’ 
fa on tne end o tne rod. The rod with the suppodtorv attached is thii 
placed m a water-cam containma 2 L of water, the suppositor;.- being plS 
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Corariform Activity of Certain Chondrodendrine Derivatives. D. F. 
Mar s h, C. K. S J e e t h and E. B. T u c k e r. (/. Pharmacol., 1948, 93, 
109.) The authors compared the activity of ri-N-methyl-chondrodendrine 
iodide and ci-o-methyl-N-methyl-chondrodendrine iodide with </-tubocurar- 
ine chloride pentahydrate and ri-o-methyltubocurarine iodide trihydrate in 
rats, rabbits, cats and man. All these compounds produce skeletal muscular 
paralysis and differ only in quantitative activity. d-N-Methyl-chondrodendrine 
is about one-half as active as the isomeric t/-tubocurarine in rats and rabbits 
but only about one-fourth to one-eighth as active in cats and man. Although 
the ri-o-methyl-N-methyl-chondrodendrine is about equipotent with </-tubo- 
curarine, it is only one-sixth to one-eighth as active as its diasteroisomer, 
rf-o-methyltubocurarine. s. L. w. 

Qirarifonn Activity of isoChondrodendrine Derivatives. D. F. Marsh and 
M. H. P e 1 1 e t i e r. {J. Pharmacol., 1948, 92, 454.) A comparison with 
d-tubocurarine chloride pentahydrate and i/-o-methyltubocurarine iodide 
trihydrate in rats, rabbits and cats, showed d-N-methyl-isochondrodendrine 
to be about a twentieth, and d-o-methyl-N-/sochondrodendrine about a fourth 
as paralysing as <d-tubocurarine, which in turn is only about one-tenth as active 
as d-o-methyltubocurarine. Like the tubocurarine compounds, these iso- 
chondrodendrine derivatives have relatively h'ttle effect in intact animals other 
than lissive action on skeletal muscles. The authors obtained the d-zsochon- 
drodendrine from Pareira brava by a modification of the method of King 
(/. chem. Soc., 1940, 737) and prepared the derivatives as the iodide salts by 
the method of Dutcher (/. Amer. chem. Soc., 1946, 68, 419). s. l. w. 

Curarising Properties of R.P.3697. R. W i e n. {Arch. int. Pharmacodyn., 
1948, 77, 96.) This compound, the triethyliodide of tri(diethyl-aniino- 
ethoxy):l:2:3 benzene, was studied as a possible substitute for li-tubocurarine. 
Its curarising properties were assayed in comparison with cl-tubocurarine by 
the rabbit head-drop method, the frog rectus abdominis preparation, the cat 
sciatic gastrocnemius preparation, and the rat, rabbit or kitten phrenic nerve- 
diaphragm preparations. The results of the assays showed that by the 
rabbit head-drop method it was one-third as active as i/-tubocurarine, on 
the frog rectus abdominis preparation it was only one-twentieth as active, 
and on the rat phrenic nerve-diaphragm only one-eightieth as active; on the 
rabbit and kitten phrenic nerve-diaphragm, however, it was one-fifth as active. 
The curarisation effects were easily reversed by neostigmine or eserine. 
Compared with similar doses of d-tubocurarine there was no effect on blood 
pressure and less effect on respiration in rabbits ansesthetised with ether and 
thiopentone, in chloralosed cats and in decerebrate preparations. Unlike 
some other synthetic curarising compounds it compared very favourably 
with d-tubocurarine for its absence of anticholinesterase properties. 

S. L. W. 


Thk)-antimonials, Organic, in Schistosomiasis. L. W. Clemence and 
M. T. Leffler. (J. Amer. chem. Soc., 1948, 70, 2,439). Oil-soluble sub- 
stances of the general formula (RS),Sb have been prepared, where R may 
be n-octyl, 7 z-dec}'l, n-undecyl, «-dodecyl, n-tetradecyl, u-hexadecyl, 
n-octadecyl, fi-phenylethyl, ;S-(l-naphthylethyl), ^-(p-di-wobutylphenoxy- 
ethoxy)-ethyl, jS-cyc/ohexylethyl, w-cyr/ohexylamyl, w-f^-tetralyO-butyl, o-(y3- 
decalyl)-butyl, or )S-(2-pyridy])-ethyl. These substances are prepared by the 
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reactiou of mercaptaa and antimony trichloride in 

some promise in preliminary experiments on schistosoiniasis. 

SSatST the following substances, not previously d^cr^bed ^em 
svntherised and characterised: <«-(^-letralyn-butyl and f 

atoJhols; fi-cydohexylethyl, u>-cj'cIonexylamyl. .o.{p-tetralyl)-butyI and 
decalyl)-butyl isothiouronium bromides and mercaptans. 


PHARMACY 


DISPENSING 

FoEt Acid in Liquid Prescriptions. S. S c h e i n d I i n. (Anter. J. Pharm., 
1948, 120, 103.) Folic acid is unstable to oxidation, reduction, acid, alkau, 
dry heat, acylation esterification, methylation, benzylation, nitrous acid, 
bromine, hypobromite, hydroxylamine, zinc dust and acetic acid^ (stable to 
acetic acid alone) and 1 per cent, hydrogen peroxide, and it is unstable 
to light but not destroyed by autoclaving in the dark. Folic acid is only very 
slightly soluble in water, but its sodium salt is water-soluble. An elixir 
of fohe acid containing S mg. of folic acid in 4 ml. of a solution 
containing 10 per cent, of alcohol, artificial red colour, flavouring agents 
and preservatives. The folic acid was present as the sodium salt and the pH 
was 8-2. A series of mixtures with a wide range of commonly used 
medicaments was then prepared and stored in clear glass bottles exposed to 
electric li^t (but not to direct sunlight) for the first week, and then trans- 
ferred to a box where they were protected from light. The mixtures were 
examined for precipitation, colour change, liberation of gas, or change of pH 
after 1 day, 1 week, and I month. Varying concentrations of alcohol, 
glycerin and propylene glycol produced no change in any of the solutions after 
one month. At and below pH 4T immediate precipitation of folic acid 
occurred; at pH 5-1 the mixture remained clear for over 24 hours, but at the 
end of 1 week some precipitation had taken place. No change was observed 
at any other pH. Mixtures of folic acid elixir with the following drugs showed 
a precipitate which could not be easily suspended or which contained a potent 
medicament, and the author recommends that such mixtures should not he 
prescribed; — ^phenobarbitone, chloral hydrate, tinctures of hyoscyamus, 
stramonium, nux vomica and digitalis, and quinine dihydrochloride; in 
addition, sulphadiazine was found to destroy folic add activity very 
rapidly. s. u w. 

GALENICAL PHARMACY 


Suppository Bases, Examination of Physical Characters of. P. 
M a 1 a n g e a u. {Ann. pharm. Franc., 1948, 6, 50.) The essential requirements 
of a suppository are: (1) that it should melt at a sufficiently low temperature 
to become liquid in the rectum (without being water-soluble), and (2) that it 
should offer sufficient mechanical resistance to enable its easy introduction A 
simple method of deterrmning the melting-point is as foUows: when the melted 
mass IS poured into the mould, a thin, polished metal rod is placed upright 
in the cenhe of the suppository cavity and maintained in that position until 
ffie suppository set, so that when the mould is unscrewed the suppository 
IS fixed on the end of the rod. The rod Mth the suppository attached is S 
placed m a water-bath containing 2 1. of water, the suppository being placed 
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at the same level as the bulb of a thermometer and immersed under not less 
than 3 cm. of water. The temperature of the water is then gradually raised, 
at the rate of 1° every 2 or 3 minutes, to 30°C., the water being stirred mechani- 
cally. The melting-point is taken when the mass of the suppository slides off 
the metal rod. For the determination of mechanical resistance, the author 
describes a simple apparatus, by means of which a solid cylinder of the sup- 
pository is subjected to varying degrees of vertical pressure at diflferent tem- 
peratures. Experiments conducted with this apparatus, using cocoa butter, 
cocoa butter with the addition of propyleneglycol stearate, hydrogenised oil 
with stearates of propyleneglycol and tri ethyleneglycol, and hydrogenised oil 
with propyleneglycol stearate, showed that, whereas at ordinary temperatures 
the mechanical resistance of these four bases is fairly comparable, at higher 
temperatures cocoa butter loses its mecham'cal resistance much more quickly 
and is less likely to lend itself to the manufacture of suppositories containing 
a high percentage of liquid ingredients. s. l. w. 

Tablet Disintegration Testing. V. M. F i 1 1 e b o r n. (Amer. J. Pharm., 
1948, 120, 233.) Tablets are immersed for a definite time in an artificial 
saUva bath, and enclosed in a plastic tablet container which is placed in a 
glass vessel containing artificial gastric juice, agitated by a pump and 
maintained at 37 °C. Fresh artificial gastric juice is admitted by a drip-feed, 
and the excess allowed to flow out of the vessel. Particles of sterilised 
sponge may be added to simulate the presence of food. Disintegration is 
regarded as complete when the tablet is broken into pieces small enough 
to pass through the l/16th inch holes of the plastic tablet container. Tests in 
whiqh the disintegration of radio-opaque tablets, which have been swallowed 
whole, is observed in human subjects, show that the disintegration times 
obtained by the “artificial stomach” method are approximately the same 
as those in the human stomach. When phenobarbitone, ephedrine 
hydrochloride, mepacrine hydrochloride, sulphathiazole, sulphapyridine, 
sulphanilamide and sulphadiazine tablets are submitted to the disintegration 
tests of the Swiss Pharmacopoeia and of the 7th Addendum to the British 
Pharmacopoeia, 1932, the observed disintegration times are generally smaller 
than for the “ artificial stomach ” method and there appears to be no 
relationship between the results obtained by the three methods. G. b. 

PHARMACOLOGY AND THERAPEUTICS 

Amellin Ineffective in Diabetes. H. Whittaker. [Brit. med. J., 1948, 
1, 546.) A mixture of amellin (an extract of Scoparia dulcis), calcium 
gluconate and lactose was given to 2 patients with diabetes in doses of 5 gr. 
(0-32g), by mouth, thrice daily for 3 months. One patient also received 
insulin and the progress of his disease was unaltered by the administration 
of amellin. The patient receiving amellin without insulin became progressively 
worse and heavy glycosuria and hyperglycemia were constantly present. 
After 3 months’ treatment with amellin, traces of ketone bodies were found, 
and, the blood-sugar was 348 mg./ 100 ml. After doses of 16 units of 
protamine-zinc-insulin daily, the urine became sugar-free and blood sugar 
4 hours after breakfast was 206 mg./lOO ml. g. r. b. 

Amidone (Methadon), Clinical Evaluation of. Elizabeth B. Trioxil. 
(J. Amer. med. Ass., 1948, 137, 920.) Amidone (physeptone) was administered 
by mouth, as capsules, tablets, or elixir, or by hypodermic or intravenous 
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iniection. Onset of action occurred in 2 minutes after intravenous injection 
15 to 20 minutes after hypodermic injection or admimstration as elmr, and 
30 minutes after administration as capsules or tablets; the av^ge duration 
of action by aU routes was 3 to 4 hours, but sometimes the effect lasted for 
8 to 12 hours. Usually the hypodermic route was used, but the elixur was found 
to be equaUy efficacious and more suitable for prolonged use. When tested 
on a group of 400 patients showing all degrees of pain from a variety of clinical 
conditions, amidone gave complete and adequate relief to 81 per cent, in doses 
varying from 2-5 to 20 mg. Side-effects occurred in 13 per cent, of the patients 
and included nausea and vomiting, sedation (generally a slight drowsiness) 
and dkziness. When compared with morphine and pethidine on a group of 
90 patients, the analgesic effect of 10 mg. of amidone was found to be equivalent 
to that of 1 5 mg. of morphine or 1 50 mg. of pethidine. No evidence of addiction 
was encountered in three patients who were treated with the drug for one year. 
Morphine, pethidine, “ pantopon " and ihhydromorphinone addicts experienced 
no withdrawal symptoms when the narcotic was replaced with amidone, or 
after the end of treatment. No contraindications were met with, but the routine 
use of elixir in patients with dysmenorrhcea was not encouraged because of 
the high incidence of nausea and vomiting. For the relief of obstetric pain, 
amidone is inferior to pelffidine. G. R. K. 


Arsenicals, an Improved Method for Assay of Toxicity, W. L. M. P e r r y 
{Nature, 1948, 161, 975.) In a quanta! response assay, each animal can 
contribute only a positive or a negative reading (in this case, death or 
survival), and in the event of death there is no indication whether the dose 
given was the exact minimum individual lethal dose, or whether it was 
considerably in excess. Thus, the method is wasteful of information, and 
only when a continuous variate such as survival time cannot be used is 
recourse to quantal response methods necessary. In the case of the 
arsenicals there seems to be no such ffifficulty. Using the survival time as the 
continuous variate it has been found possible to perform an assay with 
increased speed, accuracy, and economy in animals; a definite numerical 
estimate of the toxicity of the drug for that particular animal is obtained, 
and provided a linear dose-response relationship can be employed it is to 
be expected that more information will be gained per animal us^. A series 
of experiments with neoarsphenamine, so designed that the methods of 
quantal responses and measurement of survival times could be compared, 
was carried out. The dose range in the latter case was chosen to ensure that 
all the ammals treated should die, and that the longest period of survival 
should not exeed 10 hours. A linear relationship between the dose of drug 
and mean survival time was established by using logarithmic transformations 
Statistical analysis of the result shows the graded response method to be 
accurate and unbiassed. The limits of error for the graded response assay 
were shown to be about half as wide as those for the quantal response assav 
and the accuracy of the estimation of potency about 4 times as great. ' ' 

s. L. w. 


Atropine Poisoning, Acute. R. B. Welbourn and J. D. Buxton 

^,^P°^.°^^^®®ofa='iteatropmepoisoning, arising 
from a dispensing error, 1/6 gram of atropine sulphate being given by S 

prescribed prtTOtiSy 

fa conditions requiring m£r opera' 

Uons, the poisonmg was not suspected until after operatiJi 

he patients showed toxic effects, namely, acute delirium and blurred^Msion 
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and all recovered completely. In these 4 cases difiBculty was experienced in 
anssthetising with soluble thiopentone and nitrous oxide and oxygen. Of the 
remaining 5 cases, who showed no toxic effects and in whom no difficulty was 
experienced in producing anesthesia, 3 were anesthetised with trichloroethylene 
which has a more powerful and lasting depressive action on the central nervous 
system than nitrous oxide and oxygen or soluble thiopentone. s. l. w. 

Anreomycin; Experimental and Clinical Investigations. M. S. Bryer, 
E. B. Schoen bach, C. A. Chandler, E. A. Bliss and P.H. Long. 
(/. Amer. med. Ass., 1948, 38, 117.) Aureomycin is supplied as the hydro- 
chloride of an antibiotic from a strain of Streptomyces aureofaciens. It 
consists of yellow crystals, soluble in water giving a solution of pH about 
4'5, and slightly less soluble in isotonic sodium chloride solution. Alkaline 
solutions are unstable. In vitro, O-l to 5-0 pg./ml. inhibits the growth of 
various Gram positive and Gram negative bacteria, but Pseudomonas 
aruginosa and strains of Proteus are unaffected by 20 ^g./ml. Fifty times 
the concentration is required when 50 per cent, of human serum is present. 
Mice treated orally with 50 mg. /kg. of body weight are protected against 
^-haemolytic streptococci (C203), but not against Klebsiella pneumonia A. 
and Diplococcus pneumonia I (S.V.I.). In human patients, coli-aerogenes 
and Streptococcus facalis infections of the urinary tract are sterilised by 
10 to 60 mg./kg. of body weight per day, orally. Favourable initial responses 
are obtained in patients with Rocky Mountain spotted fever, and with 
brucellosis, using 3 mg./kg. per day, intramuscularly. g. b. 

Cycloheptenylethylbarbitnric Acid, Toxicology and Pharmacology of. 
W. A. H a 1 b e i s e n, C. M. G r u b e r, J r., and C. M. Gruber. 
(/. Pharmacol., 1948, 93, 101.) The intraperitoneal LD50 of cyc/oheptenyl- 
ethylbarbituric acid (medomin) is 284 mg./kg. for mice and 220 mg./kg. for 
rats. When injected intravenously it is 119 mg./kg. for rabbits and 105 
mg./kg. for dogs; both rabbits and dogs appeared to develop a tolerance 
for the drug. Large doses rapidly given intravenously produce a sudden 
fall in arterial pressure, the extent being directly proportional to the amount 
given and the speed of administration. An increased heart rate occurs during 
the fall and persists for some minutes after blood pressure Las returned to 
the control level. Large doses given rapidly intravenously cause marked 
slowing of, and may permanently stop, respiration in expiration; the 
respiratory mechanism fails before the heart. When the fall in blood pressure 
is not extensive there appears to be dilatation of the vessels of the spleen, 
intestine, kidney and limb; when it is sudden and extensive, a decrease in the 
volume of these organs is observed, which the authors believe to be passive 
in character. There is dilatation of the vessels of the skin." The drug appears 
to have a less depressant effect on the cardiac vagus neiwes than other 
intermediate-acting barbiturates such as amytal sodium. Like other inter- 
mediate-acting barbiturates it is destroyed in the body and is excreted as the 
parent substance only when excessively large doses are given. s. l. w. 

Di^talis Assay; Comparison of Intravenous Pigeon and Intravenous Cat 
Methods. H. A. B r a u n and L. M. L u s k y. (A Pharmacol, 1948, 93. 

81 ) The procedure used in the intravenous pigeon assay was based on the 
U.'s.P. assay process. Healthy adult pigeons of either sex were employed. 
After keeping the birds in the laboratory for a week on a commercial pigeon 
feed the birds were starved for 18 to 28 hours. On the day of assay they 
were’ ansesthetised with ether, weighed, and tied to boards. The alar vem was 
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exposed and cannulated, the cannula consisting o£ a blunted 22-Eauge 
hwodermic needle, and the test solution injected from a 10-mL mrcro-burette 
calibrated to 0-1 mi. Ver^,’ light ether antesthesia was maintained throughout 
the assay The solution to be assayed was diluted so that the estimated fa 
dose per kg. was diluted to 15 ml. with 0-9 per cent sodium chloride solution. 
When the average death time fell outside 60 to 90 minutes a new dilution was 
prepared. As Che pigeon is slightly more resistant to digitalis than the cat, 
more tincture per 100 ml. is required; an additional 1 ml./ 100 ml. of tmcturc 
visually suffices. The diluted tincture was injected at the rate of OT ml./ 100 g. 
of pigeon at 5-minute intervals until cardiac arrest supervened; the end point 
is very sharp. At least 6 pigeons were used for every preparation to be 
assayed. The U.S.P. requirement of a standard error of ±5'7 per <^nt. w^ 
adhered to, and 6 to 8 pigeons were usually sufficient to come witiun this 
figure. From a comparison of the results obtained with 30 preparations of 
di^talis it was found that the potency estimates obtained by this method 
varied in no case by more than 13-6 per cent, from those obtained by the 
present U.SJ. method; the average deviation between the two methods was 
not significantly different from zero. The coefficient of variation of &e 
lethal dose of digitaUs for the pigeon was 104 per cent, compared with 
12-9 per cent, for cats. Preliminary investigations show that not only arc 
pigeons more consistent in a given assay than cats but that various batches of 
pigeons seem to vary less from each other than various batches of cats. 

s. I- W. 


Dimercaprol (B Ai.) Treatment of Gold Dermatitis. N. R. W. S i m p s o n. 
(Brit. med. J., 1948, 1, S45.) A 5 per cent, preparation in arachis oil with 
10 per cent of benzyl benzoate was administered by deep intramuscular 
injection in the treatment of two cases of gold dermatitis. 2 ml. was given 
4 times on the first day, 2 ml. thrice daily for 3 days, 2 ml. once daily for 
9 days and subsequently, 2 ml. every alternate day. In one case, redness, 
beat, pain and induraiioa occurred at the site of injection. After treatment 
was commenced, a lapse of 6 days occurred before improvement in the 
dermatitis was noted. G. R. b. 


Fluorescein as an Indicator of Antihistaniine Actirity. S. CBukantz and 
G. J. Daurmin. (Science, 1948, 107, 224.) Fluorescein was used as a tracer 
substoce to investigate the changes in capillary permeability due to antihistamine 
activity in the skin. The first' experiment, determining the fluorescence at 
skin sites of a dog, showed that the antihistamines NH188 (neohetramine) 
and benadiyl were of approximately equal activity in. preventing fluorescence. 
In a second experiment, fixed concentrations of histamine in varying concen- 
tration of the antihistamine drugs NH188 (neohetramine) or benadryl were 
injected intradermaUy into each of 5 human subjects and 3 ml. of a 5 per cent, 
solution of fluorescein was injected intravenously soon afterwards. It was found 
that there was an inverse relationship between the concentration of the anti- 
histamine drug and intensity of fluorescence; also at dimly fluorescent sites the 
Mti^ ^orescence took longer to develop and was of shorter duration than at 
mghly fluorescent sites. To determine the effects of histamine and of anti- 
tetaimuK on ^ rate of absorption of fluorescein injected intradermally 
fluor^m (l _m 50,^ of saline solution), fluorescein + histamine (1 in 10 000)' 
and fluorescem -b histamine (1 in 10.000) + benadryl (1 in 2,000) were injected 
jmo toee Site on the forearms of 3 normal and 1 aUer^c human suS 
^e fluore^m site remamed visible under ultra-violet Ught for 30 to 45 
minute in the normal eases, while the fluorescein + histamiS siS no lonir 
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and all recovered completely. In these 4 cases difficulty was experienced in 
anffisthetising with soluble thiopentone and nitrous oxide and oxygen. Of the 
rema^g 5 cases, who showed no toxic effects and in whom no difficulty was 
experienced in producing anaesthesia, 3 were anssthetised with trichloroethylene 
which has a more powerful and lasting depressive action on the central nervous 
system than nitrous oxide and oxygen or soluble thiopentone. s. l. w. 

Anreomydn; Experimental and Clim'cal Investigations. M. S. Bryer, 
E. B. Schoenbach, C. A. Chandler, E. A. Bl iss and P. H. Long. 
(/. Amer. med. Ass., 1948, 38, 117.) Aureomycin is supplied as the hydro- 
chloride of an antibiotic from a strain of Streptoinyces aureofaciens. It 
consists of yellow crystals, soluble in water giving a solution of pH about 
4-5, and slightly less soluble in isotonic sodium chloride solution. Alkaline 
solutions are unstable. In vitro, 0-1 to 5*0 pg./ml. inhibits the growth of 
various Gram positive and Gram negative bacteria, but Pseudomonas 
aeruginosa and strains of Proteus are unaffected by 20 yug./ml. Fifty times 
the concentration is required when 50 per cent, of human serum is present. 
Mice treated orally with 50 mg. /kg. of body weight are protected against 
^-hffimolytic streptococci (C203), but not against Klebsiella pneumonice A. 
and Diplococcus pneumonice I (S.V.I.). In human patients, coli-aerogenes 
and Streptococcus fcecalis infections of the urinary tract are steriUsed by 
10 to 60 mg./kg. of body weight per day, orally. Favourable initial responses 
are obtained in patients with Rocky Mountain spotted fever, and with 
brucellosis, using 3 mg./kg. per day, intramuscularly. g. b. 

Cycloheptenylethylbarbitnric Acid, Toxicology and Pharmacology of. 
W. A. H a 1 b e i s e n, C. M. G r u b e r, J r., and C. M. Gruber. 
(/. Pharmacol., 1948, 93, 101.) The intraperitoneal LD50 of cyc/oheptenyl- 
ethylbarbituric acid (medomin) is 284 mg./kg. for mice and 220 mg./kg. for 
rats. When injected intravenously it is 119 mg./kg. for rabbits and 105 
mg./kg. for dogs; both rabbits and dogs appeared to develop a tolerance 
for the drug. Large doses rapidly given intravenously produce a sudden 
fall in arterial pressure, the extent being directly proportional to the amount 
given and the speed of administration. An increased heart rate occurs during 
the fall and persists for some minutes after blood pressure has returned to 
the control level. Large doses given rapidly intravenously cause marked 
slowing of, and may permanently stop, respiration in expiration; the 
respiratory mechanism fails before the heart. When the fall in blood pressure 
is not extensive there appears to be dilatation of the vessels of the spleen, 
intestine, kidney and limb; when it is sudden and extensive, a decrease in the 
volume of these organs is observed, which the authors believe to be passive 
in character. There is dilatation of the vessels of the skin.'' The drug appears 
to have a less depressant effect on .the cardiac vagus nerves than other 
intermediate-acting barbiturates such as amytal sodium. Like other inter- 
mediate-acting barbiturates it is destroyed in the body and is excreted as the 
parent substance only when excessively large doses are given. s. l. w. 

Digitalis Assay; Comparison of Intravenous Pigeon and Intravenous Cal 
Methods. H. A. Braun and L. M. L u s k y. (7. Pharmacol., 1948, 93. 
81.) The procedure used in the intravenous pigeon assay was based on the 
U.S.P. assay process. Healthy adult pigeons of either sex were employed. 
After keeping the birds in the laboratory for a week on a commercial pigeon 
feed the birds were starved for 18 to 28 hours. On the day of assay they 
were antesthetised with ether, weighed, and tied to boards. The alar vein was 
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e-^TJOsed and cannulated, the cannula consisting of a blunted --'Sauge 
hiTodermic needle, and the test solution injected from a 10-ml. micro-bureUe 
calibrated to 0-1 tnl. Very baht ether ansesthesia was maintained throughout 
the assay. The solution to be assayed was diluted so that the estimated fatal 
dose per kg. was diluted to 15 ml. with 0-9 per cent sodium chlonde solution. 
When the average death time fell outside 60 to 90 minutes a new dilution was 
prepared. As the pigeon is slightly more resistant to digitalis than the caL 
more tincture per 100 ml. is required; an additional 1 ml. / 100 ml. of tmcture 
usually suffices. The diluted tincture was injected at the rate of 0-1 ml./ 100_g. 
of pigeon at 5-minute intervals until cardiac arrest supervened; the end point 
is sery sharp. At least 6 pigeons were used for everv' preparation to be 
assayed. TheU.ST. requirement of a standard error of =5-7 per ^nt. w^ 
adhered to. and 6 to 8 pigeons were usually sufficient to come willun this 
figure. From a comparison of the results obtained with 30 preparations of 
digitalis it was found that the potencj’ estimates obtained by this method 
varied in no case bv more than 13’6 per cenL from those obtained by the 
present U.SJP. method; the average deviation between the two methods was 
not significantly difierent from zero. The coefficient of variation of the 
lethal dose of digitalis for the pigeon was 10 4 per cent, compared with 
12-9 per cent for cats. Preliminary investigations show that not only are 
pigeons more connstent in a ^ven assay than cats but that various batches of 
pigeons seem to vary less from each other than various batches of cats. 


Dimercaptol OBAX.) Treatment of Gold Dermatitis. N. R. W. S i m p s o n. 
(Brit. med. J„ 1948, 1, 545.) A 5 per cent preparation in arachis oil with 
10 per cent of bsnzj'I benzoate was administered by deep intramuscular 
injKtion in the treatment of two cases of gold dermatitis. 2 ml. was given 
4 times on the first day, 2 ml. thrice daily for 3 days, 2 ml. once daily for 
9 days and subsequently, 2 tnl. every alternate day. In one case, redness, 
heat, pain and induration occurred at the site of injection. After treatment 
was coi^enced, a lapse of 6 days occurred before improvement in the 
dermatitis was noted. G. r. b. 


Fluorescein as an Indicator of Antihistamine Activity. S. QBukantz and 
G. J. Daurmin. (Science, 1948, 107, 224.) Fluorescein was used as a tracer 
substoceto investigate the changes in capillary permeability due to antihistamine 
ac^ty in the skm. The first experiment, determining the fluorescence at 
skin sites of a dog, showed that the antihistamines NH188 (neohetramine) 
and benadryl were of approximately equal activity in preventing fluorescence. 
In a second experiment, fixed concentrations of histamine in varying concen- 
tation of the antihistamine drugs NH188 (neohetramine) or benadryl were 
injec^ intradermally into each of Shuman subjects and 3 ml. of a 5 per cent, 
solntion of fluorescein was injected intravenously soon afterwards. It was found 
that there was an inverse relationship between the concentration of the anti- 
histOTiine drug and intensity of fluorescence; also at dimly fluorescent sites the 
mti^ fluorescence took longer to develop and was of shorter duration than at 
ffighly fluorescent sites. To determine the efiects of histamine and of anti- 
mstamm^ on the rate of absorption of fluorescein injected intradermallv 
Huorescem (1 m 50,000 of saline solution), fluorescein -h histaininp in iri nooi' 
md fluorescein -f histai^e (1 in 10,000) ^ benadryl (1 m 2,000) were inject^ 
imo ^ sitK on the forearms of 3 normal and 1 allergic human suSS 
The fluotesrem sites remamed visible under ultra-violet lieht for 30 to 45 
™t.s „ ft, romal oBes, «hil, ft, + hisBnS sS m 
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fluoresced after 4 to 10 minutes; the fluorescein + histamine -f- benadryl site 
fluoresced as long as the fluorescein sites. In the allergic subject the fluorescence 
of the fluorescein and the fluorescein + histamine sites disappeared within 
4 minutes, but that of the fluorescein + histamine + benadryl site remained 
for 25 minutes. This indicated that normally fluorescein is rapidly absorbed 
under the action of histamine but that benadryl antagonises this action; in 
allergic subjects a histamine-like substance released locally causes rapid absorp- 
tion of fluorescein from the skin and this also is neutralised by the presence of 
the antihistamine drug. The time for appearance, intensity and duration of 
fluorescence at histamine-injected sites may thus be quantitively modified by 
the local presence of antihistamine substances. L. H. p. 

Gonadotrophin. Crystalline Buman Gonadotrophin and its Biological 
Action. L. Claesson, B. Hogberg, T. Rosenberg and A. 
We St man. {Acid endocrinoL, 1948, 1, 1.) A crystalline and electro- 
phoretically homogeneous form of chorionic gonadotrophin was isolated 
from the urine of pregnant women by a method which is fuUy described. 
It possesses a constant biological activity of 6,000 to 8,000 I.U./mg. It 
shows a marked stimulatory action on the growth and maturation of the 
follicles and on the formation of corpus luteum in intact mice, rats and 
rabbits, but fails to do so in hypophysectomised rats; in this latter group the 
crystalline hormone produces only an extensive development of the ovarian 
interstitial gland. Administered intravenously, it is well tolerated by patients 
in daily doses as high at 12,000 I.U. injected on 3 consecutive days, causing 
increased follicular growth in the human ovary and a forced production 
of oestrogenic hormones. In amenorrhoea due to pituitary hypofunction, 
large doses intravenously may induce bleedings from the progestational 
endometrium. Combined with small doses of serum gonadotrophin from 
pregnant mares it produces intensive development of the follicles. The 
granulosa and theca cells show no sign of degeneration. Follicular 
rupture and corpus luteum formation takes place in contrast to the effects 
induced by the action of crystalline chorionic gonadotrophin administered 
alone. s. L. W. 


Intestinal Carminatives. Method for Assessing Value. S. A 1 s t e a d and 
J. Fleming Patterson. {Lancet, 1948, 254, 437.) A simple method 
for assessing the value of carminatives for expediting the passage of flatus 
from the bowel is described. A rubber catheter was passed about 2 inches 
beyond the anal sphincter. The free end was connected with a glass adapter 
to a piece of rubber tubing, and the tubing attached to a 500 ml. glass 
measuring cylinder, inverted in water to act as a gas jar. As bubbles of gas 
displace the water column, the volume of gas is recorded. The oral admini- 
stration of a carminative mixture, hot turpentine stupes to the abdomen, 
radiant heat and the injection of carbachol were found by this test to be 
ineffective. Pituitary extract was found to be the most^ valuable; physostig- 
mine and prostigmine were only occasionally effective in increasing the output 


of flatus. 


G. R. B. 


Myanesin, Relaxant in Children. W. H. Armstrong Davison. 
{Brit, med. J., 1948, 1, 544.) A dose of myanesin (a :^-dihydroxy-7-(2- 
methylphenoxy)-propane) of the order of 2 ml. per stone {6-36 kg.) of body 
weight was given to 44 children between the ages of 24 days and 4i years 
to obtain relaxation for abdominal surgery. Maintenance anKsthwia was 
with open ether, nitrous oxide, or ethyl chloride. Relaxation after the dose 
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<,f myaaesia occurred rapidly and was maintained for ^ ^ 

The injection was made into the intravenous drip, if one was set ’tP’ or mt 
dfe longitudinal sinus at the posterior angle of the anterior fontancUe. 


Neohetramine, A New Antihistamine Drug, 
tcristics of. N. B. D r e y e r and D. H a r w o o d (Proc. Soc. BioL 

NY 1947 66. 515.) The amount of neohetramine required to abohsh the 

contractions of guinea-pig ileum and uterus, and cat uterus produced b> 
a concentration of 0-03 to 0-3 pg. of histamine base in oxygenated Ringer 
solutioa was determined. The ratio of the amount of neoneUanunc o 
histamine was then calculated. This was 2-7 ; I for guinea-pig ileum. 

1- 4:1 for guinea-pig uterus and 0-7 ; 1 for cat uterus. In dogs and cats 
the fall in blood pressure caused by 1 to 2 pg. of histamine rvas offset b\ 

2- 5 mg./kg. of neohetramine. However, the effect of larger doses ol 
histamme was not neutralised, Neohetramine, like py'ribenzamine, did not 
affect the inhibition of rat uterus by histamine, but histamine-induced vaso- 


constriction in a perfused rabbit ear was counteracted by an equivalent con- 
centration of the drug. Doses of 1 to 5 mg./kg. of neohetramine given to 
atropinised cats and dogs caused an immediate drop in blood pressure with- 
out a change in the heart-rate. The animals recovered in a few minutes. 
Neohetramine showed little or no effect on sympathetic nerve stimulation 
On the parasympathetic nen’e system, neohetramine exerted some atropine- 
like action on the chorda tiTtipani, but even large doses failed to abolish 
chorda secretion. Neohetramine did not lessen the effect of the vagus on the 
intestine, and in some cases seemed to potentiate it The total and free 
acidities of gastric juice obtained by rhythmic stimulation of the left vagus 
were unaltered by doses of neohetramine up to 5 mg./kg. a. o. o. 


Podophyllin, Effect of, on Transplanted Mouse Tumours. M. Belkin. 
(/, Pharmacol., 1948, 93, 18.) Podophyllin dispersed in sesame oil was given 
subcutaneously in doses of 20 mg./kg. to 12 mice carrying 15-day-oId implants 
of sarcoma 180, a similar group of mice given injections of sesame oil alone 
serving as controls. Injections were made every 3 or 4 days for 2 weeks 
on the side opposite the tumour. The controls grew typically, but the 
tumours in mice receiving podophyllin exhibited a prompt decrease in growth 
rate; at the end of 2 weeks the average volume of the treated tumours was 
approximately one-seventh that of the controls. In another experiment 
similarly conducted the effect of podophyllin was tested on a mammary' 
adenocarcinoma. In this case the terminal volumes of the treated mam- 
rnary tumours was approximately two-thirds that of the controls. For both 
kinds of tumours used in these experiments the most prominent and con- 
sistent histological finding following podophyllin administration was exten- 
sive necrosis. Characteristic nuclear alterations were found in both ty-pes 
of tumour. The podophyllin produced varying degrees of malaise, and 
diarrheea. Resistance to repeated administration does not develop, judged by 
the appearance of the tumours after several injections of the drug. s. L. w. 


Procaine Penicillin G. W. E. Herrell, D. R. Nichols and F. R. 
Heilman. (Proe. Mayo Clin., 1948, 22, 567.) In the search for methods 
of prolonging the effective concenUation of penicUlin in the blood the 
authors examrn^ the properties of a procaine salt of penicillin G (duraciUin). 

P^Mcilhn G is a crj'stallme, non-pyrogenic substance prepared bv 
^mfaimng one molecule of procaine base with one molecule of penicilliii 
The resulting compound contains 41-5 per cent, of procaine baseband has 
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a potency of 940 units/mg. It is employed in the form of a suspension 
in sesame oil, each ml. of the suspension containing 300,000 units of peni- 
cillin and 125 mg. of procaine. After preliminary animal experiments to 
ascertain the non-toxicity of the preparation, intramuscular injections of 
1 ml. were given to 10 patients. Determination of the concentration of 
penicillin in the blood, either by the Fleming slide-cell technique or by the 
Kolmer serial dilution method, disclosed an effective therapeutic concen- 
tration for at least 24 hours after the administration of the injection. The 
injection appears to be safe and non-toxic; no local irritation, soreness or 
pain followed. Therapeutic results are the same as would be expected from 
any other form of penicillin therapy. It is important not to massage the site 
of injection. s_ l. w. 

Sulphetrone in Tuberculosis. M. G. C 1 a y and A. C. C 1 a y. (Lance/,.1948, 
255, 180.) Of 44 cases of tuberculosis treated with sulphetrone improvement 
was noted in 2?, 5 were tmchanged, 6 became worse, and 11 died. Of those 
improved, 9 improved considerably, 7 moderately, and 6 slightly. Improvement 
was not dramatic, and at best sulphetrone can only be regarded as an adjuvant 
and not in any was as a specific for tuberculosis. An attempt was made to keep 
the blood-sulphetrone level at 7-5 to 10 mg./lOO ml. At first sulphetrone 
was given as long as the patient tolerated it, but later it was given in courses 
of 14 to 15 weeks, with a rest period of 6 weeks between courses. Parenterai 
sulphetrone was found to possess no advantages over sulphetrone orally. 
The hypochromic and nutritional an/emias were corrected by administration 
of ferrous sulphate 3 to 6 gr. twice daily, and yeast, preferably autolysed or 
boiled, 2 dr. twice daily. Changes in the alkali reserve were compensated by 
giving 30 gr. of sodium bicarbonate 3 or 4 times a day. Most patients developed 
cyanosis, but this was not an indication for stopping treatment. In most 
patients the treatment caused so little upset that they could continue taking 
it after they got up. Sulphetrone should be used only if there are facilities for 
estimating blood-sulphetrone levels and for carrying out blood coimts. 

s. L. w. 

Sulphetrone, Treatment of Experimental Tuberculosis with. G. Brownlee 
and C. R. K e n n e d y. {Brit. J. Pharmacol., 1948, 3, 29.) In an experiment 
in which two groups of 20 guinea-pigs were infected with a heavy inoculum 
of a virulent bovine strain of tubercle bacilli, the survival time of the group 
treated with sulphetrone (0-6 g. daily in the diet) was prolonged, being 77 days 
compared with 45 days in the imtreated group. In a second experiment in 
which the infection was a heavy inoculum of a human virulent strain, the 
treated group of 24 animals survived considerably longer than the imtreated 
group of 21 animals. Throughout the entire drug-treated group macroscopic 
evidence at necropsy showed very much less tuberculosis than in the untreated 
group. This was confirmed by histological examination, and by the observation 
that acid-fast organisms were very much less in number than in the imtreated 
group. The most significant histological evidence was the repeated finding 
of healed tuberculous lesions, often calcified, in the spleen, liver, lungs and 
lymph nodes. With both the bovine and the human strains the results suggest 
that sulphetrone exerts a retarding effect on the progressive nature of established 
exjjerimental tuberculosis in guinea pigs, though it is evident that it is incapable 
of eliminating the causative organism. s. l. w. 

&rs-Trimethyl Anunonium Compounds, Pharmacology of. G. E. G 1 o c k . 
G A. MogeyandJ. W. Trevan {Nature, 1948, 162, 113.) The authors 
confirm the findings of previous workers on the curare-like action of a series 
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o£ bi 5 -quatemary ammonium poliTnethylenes. 

compomd curarises but is relatively mactive compared w th d-tubocurarme 
chloride on the rat diaphragm, and its action was completely reversed by 
neostiamine; the compound had no action on the rat diaphragm. 

C, compound had marked cholinergic action, together with relaxation of 
^rebrate activity at a dose of 1 mg./kg.; it produces a response of the 
rabbit’s ileum similar to that of acetylcholine; it has shght activity as a 
anticholinesterase, but has no action on pseudo-cholinesterase. Its cholinergic 
activity, and its low curarising activity', render it unsuitable as a clinical 
substitute for d-tubocuraine. The Cj compound has about the same anti- 
cholinesterase activity as the C 3 . The overlapping of muscanne, 
“nicotine” and anticholinesterase activities is a very striking phenomenon 
which constantly occurs in complex quaternary ammonium impounds. If 
the chain includes phenyl groups the effect of increasing the distance between 
tbs ^ atoms is not to increase the curarising activity but to develop anti- 
cholinesterase activity. With regard to the species variation, results with the 
two closely related compounds, d-tubocurarine and its dimethyl ether, show 
that not only does the ratio of the potency vary between different species, but 
also, especially in the rabbit, the discrepancy may be larger in the intact 
animal. s. L. w. 


BACTERIOLOGY AND CLINICAL TESTS 


lodonium Compounds, Antibacterial Activity of. L. Gershenfeld and 
B. Witlin. {Amer. J. Pham., 1948, 120, 158.) In iodonium compounds 
iodine is present as an integral part of the positive ions. They are strong bases 
and form stable salts. They are decomposed by heat. Hitherto, investigations 
of these compounds have been primarily for the preparation and synthesis 
from the standpoint ot valency studies, and they have only recently been studied 
to determine whether they exert insecticidal or bactericidal effects. The authors 
conducted antibacterial efiBciency tests on the following; — itipheayliodonium 
chloride, 6 is-p-chlorophcnyliodonium sulphate, 6 is-p-bromophenyliodonium 
iodide, hij-p-chlorophenyliodonium iodide, i)fj-p-iodophenyliodonium iodide 
and diphenyliodonium iodide. These compounds, in powder form, showed 
bacteriostatic activity when tested by the F.D.A. agar plate technique, but only 
6 is-p-chlorophenyliodonium sulphate in saturated aqueous solution showed 
bactericidal efficiency against Staphylococcus aureus at ST’C. within 1 minute. 
The addition of sodium thiosulphate did not affect the bateriostatic or bacteri- 
cidal efficiencies. Saturated solutions of the compounds in alcohol (95 per 
cent.) showed greater bactericidal efficien^r than alcohol itself against Staphy- 
lococcus aureus, and saturated solutions in a solvent consisting of acetone 
10 per cent, by volume in alcohol (95 per cent.) were also effective against th?^ 
organism. A saturated solution of Z»«-p-chloropbenyliodonium sulphate in 
aretone-alcohol solvent showed bactericidal efficiency in 1 minute against 
Eberthella typhosa, Serratia marcescens. Pseudomonas eeruginosa, Escherischia 
CO I and Proteus vulgaris, and was capable of killing Bacillus subtilis (24-hour 
culture) and B. subtilis spores (4-day old culture) within 4 hours at 37°C. 


and B Efficiency of. L. GershenfTlc 

St wL Y Tu" bacteriostatic efficient 

InW- I following iodonium compounds in aqueoii 

sduUon:-d.phenyhodomum chloride, 6 ts-p-chlorophenyHodonium sulphS 
6 «-p-bromophenyhodomum iodide, 6 iv-p-chlorophenyliLoniuS To^SfS 
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diphenyhodonium iodide. The test organisms used were Staphylococcus 
(Uireus,^ Serratia marcescens, Eherthella typhosa, Pesndomonas aruginosa, 
Escherischia coli, Proteus vulgaris. Bacillus subtilis. Bacillus mesentericus, 
Bacillus megatherium and Streptococcus luemolyticus. The minimum 
bacteriostatic concentration of the compounds varied from 0-001 mg./ml. for 
A/j-p-chJorophenyliodonium iodide {Staph, aureus) to 0’8 mg./ml. for 
f)is-/7-chIorophenyIiodonium sulphate {Proteus vulgaris). In the over-all 
picture, considering all test organisms, diphenyhodonium chloride appeared 
the most generally effective. It was bacteriostatic to all organisms tested, 
and it showed bacteriostatic efficiency at lower concentrations than any of 
the other compounds tested in the case of 6 of the 11 organisms for which 
a reasonable comparison was possible. h/s-p-Bromophenyliodonium iodide 
appeared second in general effectiveness, being ineffective only against 
Eberth. typhosa and E. coli. It was generally effective at the relatively low 
concentration of 0-009 mg./ml. From a comparison of the results of 
diphenyhodonium chloride and iodide with those of hts-p-chlorophenyl- 
iodonium sulphate and iodide, it would appear that it is the anion which 
has the effect on the activity. Intraperitoneal injections in mice of diphenyl- 
iodonium chloride and hfs-p-chlorophenyliodonium sulphate caused 
increased excitability, increased respiration, and paralysis of the hind legs. 
The lethal dose for both of the compounds was 20 mg./kg. of bodyweight. 

s. L. w. 


Qnatemary Ammonjam Disinfectants; a Semi-micro Method for Testing. 
E. G. Klarmann and E. S. W r i g h t. {Amcr. J. Pharm., 1948, 120, 146.) 
Two factors interfere with the use of the ‘‘phenol coefficient” method in 
the evaluation of quaternary ammonium compounds, namely, (1) the creation 
of a condition in the ” medication ” mixture (of diluted cationic disinfectant 
plus bacteria), which prevents the transfer of a truly representative bacterial 
sample to the subculture, and (2) the failure to take due account of, and to 
suppress, the characteristic and marked bacteriostatic action of the cationic 
compounds in the transfer tube. The authors have developed a semi-micro 
method to overcome these factors, using Bacto-Oxgall to suppress bacterio- 
stasis. Depending upon whether Eberthella typhosa or Staphylococcus aureus 
is to serve as the test organism, 1 or 5 per cent, respectively of Bacto- 
Oxgall is used. The composition and preparation for use with E. typhosa is 
as follows: — 10 g. of Armour’s peptone, 5 g. of Armour’s beef extract, 
10 g. of Bacto-Oxgall in 1000 ml. of distilled water; boil, and adjust to pH 
7-4, and autoclave for 30 minutes. Add 5 g. of “ Super-Cel ” (10 g. with 5 
per cent, of Bacto-Oxgall), and filter while hot. Add 5 g. of dextrose per 
litre, transfer to tubes each containing 20 ml., and autoclave for 30 minutes 
at 15 lb. pressure. The details of the semi-micro technique are as follows; — 
pipette 0-05 ml. of a 24-hour F.D.A. broth culture of the test organism on 
to the bottom of sterile 25 x 150 mm. test-tubes, taking care that the pipette 
does not touch the walls of the test-tube. Place the tubes in a water-bath 
at 20‘’C; add 0-5 ml. of diluted disinfectant, which has also been kept in a 
water-bath at 20°C, to each tube and mix thoroughly with the culture; 10 
minutes later pour 20 ml. of Bacto-Oxgall broth into the tube, using aseptic 
precautions; incubate all tubes for 48 hours at 37‘’C. The results obtained 
by this method suggest that the quaternary ammonium <^mpounds not 
entitled to the phenol coefficient figures obtained with the original F.D.A. 
method; conversely, the latter method does not appear to be directly appli- 
cable to the testing of these compounds. s. l. w. 
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PHARMACOPCEIAS AND FORMULARIES 

the pharmacognosy of the BRITISH PHARMACOPCEIA 1948 

By H. Fluck 

Professor of Pharmacognosy in the Swiss Federal Institute of Technology, Zurich 
Member of the Su’iw Pharmacopttia Commissiott 


Reading the B.P. 1948, the foreign observer is struck by the up-to-dnl 
selection of the contents, so that excellent monographs for the newest synthetics 
and pure active principles of vegetable and animal drugs, such as peniciUm and 
heparin, are included. On the other hand, certain vegetable drugs, of which 
the importance and the consumption is still quite considerable, such as 
cinchona, chamomile, peppermint and linseed, have been dropped. I am ot 
the opinion that a Pharmacopoeia should standardise such drugs ofncially, 
even though, as in Great Britain, semi-official standards are given by a book 
such as the Pharmaceutical Codex. Most of the official titles are well chosen 
from the botanical point of view, but for a few monographs I would suggest 
the replacement of the designations by the true botanical names, e.g. Aurantii 
Pericarpium or Flavedo would be more accurate than Aurantii Cortex. 
Further, the same designation should be used for botanically equivalent drugs, 
e.g. for the leaves and flowering tops of Belladonna and Hyoscyamus, which 
should both be called Herba. The definitions of the drugs are generally vety 
clear. In certain cases, however, similar drugs differing somewhat in their 
properties and in their behaviour during the preparation of extracts and 
tinctures, are summarised in the same monograph, e.g. on Aloe, where both 
the hepatic and the vitreous types are admitted, on Benzoin and on Amylum. 
In the latter case, e.g, rice starch has an inner surface 10 times greater than 
potato starch, a fact which without doubt will influence the adsorbing effect. 
Insufficient attention is paid to the standardisation of conditions 
of harvesting and of conservation of drugs. These two operations 
affect the qualitative and the quantitative composition of the 
complex active principles in such a way that the variation will not be 
detected by the official assay. There are great difficulties in controlling such 
standardisation, but I believe that the uniformity of the drugs would be 
improved if directions for harvesting and conservation were included. In 
the few cases for which special conditions are stated, as for Digitalis and 
Colchicum, the requirements are on the correct scientific basis. 


The standards for minimal content of active principles are in general rather 
low. This is for instance the case with Carum, Cinnamomum, Colchicum. 
Filix Mas and especially with Coriandum and Fceniculum, Uvo drugs for 
which a content 2 to 24 times higher could easily be prescribed. One of the 
main duties of a Pharmacopeia is to require high standards for drugs. Only 
in this way can the suppliers be forced to produce drugs of high quality. 
For Digitalis Folium no minimal standard of biological activity is prescribed. 
If Digitalis Pra5parata and the tincture are required to have a certain potency 
It seems to be necessary to ensure at least the same, or better a somewhat 
higher, potency for the initial crude drug. 


The macroscopical and microscopical descriptions are very good and are 
given m a very detailed manner. In a few instances I would have preferred 
however, that more stress had been laid upon the characteristics which are essen- 
ntial diagnosis. For example, there is an excellent detailed 
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description of the anatomy of the coste in Caraway fruit but no mentioi 
made of the typical small vittse to be found on the outer side of the vascv 
bundle of each costa. Although the B.P. indicates that the parquetry laye 
not present in Caraway this layer actually is well developed in this fr 

The macroscopical and microscopical sizes are worked out very carefu 
By putting in “ about ” or “ mostly ” in front of the indicated sizes 
important fact has been taken into account that the dimensions of org 
or cells depend on the conditions of growth and other factors and theref 
may vary and exceed the permitted figures. The width of the parquetry la 
cells of Umbelliferous fruits is very useful in the differentiation of these dn 
and should be stated in a future revision. 

The quantitative microscopical determination of foreign organic matter 
the lycopodium method of Wallis is a very useful innovation; in a furti 
edition the characteristic elements for the drug in each case should 
indicated. 

The methods of assay of active principles work very well; they i 
accurate and well planned. If I have any criticism to make it is that 
British method of extraction and purification of the alkaloid takes more ti 
than e.g. the method of the Swiss Pharmacopoeia and this without improvi 
in any high degree the accuracy of the assay. It would be advisable to asi 
in Ipecacuanha not only the total alkaloids but also the relation of emet 
and cephaeline, especially as both the Rio and the Cartagena drugs i 
admitt^, the latter containing a much higher percentage of the rati 
undesirable cephaeline. 

All drugs containing essential oils are assayed, and it is especially valua 
that the diminution of content of essential oil produced by grinding 
recognised by giving different figures for the oil-content of both the whi 
and the ground drug. 

The treatment of ash values is rather inconsistent. For several dn 
(Ergota, Hamamelis, Podophyllum, etc.) no figure is given. In other mor 
' graphs there are only figures for the total ash, in a further group of drr 
there are figures for acid-insoluble ash only, and in a last group the deti 
mination of both the total ash and the acid-insoluble ash. T 
much importance has been given to the acid-insoluble ash 
certain pharmacopceias, especially when it is considered that tl 
value corresponds with the external mineral impurities. My ov 
experience is that the acid-solubility of external mineral impurities is mu 
higher in drugs grown on calcareous soils than in drugs grown on siliceo 
soils. 

In conclusion, I am glad to have the opportunity of saying that Phami 
cognosy has been dealt with in the British Pharmacopoeia 1948 in a caref 
and highly critical manner. The small improvements which I have suggest 
are given for two reasons, first, the somewhat different continental tradition 
pharmacognosy and, secondly, the desire and the hope of giving some mode 
help to our British friends. 
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AMERICAN PHARhiACY. Edited by R. A. Lyman. Vol. 1, 2Qd ediUon, 
1948. Pp. 552, Figs. 200. Vol. 2, 1947. Pp. 379. Figs. 111. J.B.Lippmcotl 
Co., Philadelplua and London. 


This work has been produced in the main by about a score of professor 
of pharmacy, assisted by specialists on medical, veterinary, zoological and 
commercial ripects. Six advisorj' editors, a technical editor and an 
in-chief have undertaken the final task of producfion. From this it will be 
seen that the two volumes constitute a serious contribution to pharmacy in 
general. To a non-American reader it is not so clear why the subject should 
be designated American pharmacy. Certainly the references to original 
English work are somewhat scantj' and it would seem that the various authors 
were not able to consult English pharmaceutical literature as freely as that 
of the U.SA. As an illustration, the chapter on the extraction of drugs, 
followed as are most of the chapters by references to original papers, gives 
about 20 references to historically interesting work up to 1870, but only one 
reference to English work, i.e. the continuous extraction apparatus of Self 
and Corfield (1930), now official in the BJP. The many papers on extraction 
published in the Quarterly Journal of Pharmacy and Pharmacology during 
the last 20 years are not referred to. Volume 1 is divided into three main 
parts. Part I deals with Fundamental Principles and Processes. Among 
other subjects its 10 sections, starting with metrology, deal with the following : 
heat and refrigeration, purification and clarification, solution, colloids, emul- 
sions and suspensions, extracfion, bacteriological technique, preservation and 
packaging. Part 2 describes the various galenical preparations of the ll.S.P. 
and of the N.F. These are classified in accordance with their chief characters, 
thus the mucilages, creams, glycero-gelatins, glycerites and collodions are 
brought together. Emulsions form an important section and are treated very 
thoroughly with much valuable information on the newer emulgents. Part 
3 of this volume is devoted to biologicak and describes the vitamins, hormones 
and endocrine glands, with a short chapter on other biological products, such 
as the antibiotics, penicilhn and streptomycin, with a table of the lesser 
known substances. Volume 2 is divided into three main parts. (1) Advanced 
Pharmacy, dealing with such subjects as flavours, colouring agents, 
deodorants, solvents, parenteral preparations, and tablets. (2) Medical, 
Surgical and Dental supplies. (3) Animal Health Pharmacy. As is usual in 
recent American publications the volumes are exceedingly well, even extrava- 
gantly, produced. This work expresses a recognition of “ the destinies of 
America as a teacher, administrator and adviser to the professional pharma- 
cist ” and thus represents a benign challenge to us all. 


H. Finnemore. 


BOOKS RECEIVED 


BACTEIU^ AND VIRUS DISEASES by H. J. Parish 
E. & S. Livingstone, Ltd., Edinburgh, 1948, 7s. 6d. 


Pp. 159 and Index, 


THE U.F.A.W. HANDBOOK ON THE C/tUP nrr 
edited by A. N. Worden. Pp. XVI -F 368 Balliere T ANlMAi 

1947, 31s. 6d. ^ and Cox, Londc 


129 


n 



LETTERS TO THE EDITOR 

Colour and Fluorescence Reactions for Steroid and Synthetic Hormones. 

For some time it has been known that warming with concentrated sulphuric 
acid caused condensation of several natural cestrogens with the production 
of coloured solutions with varying fluorescence effects. Boscott' has recently 
developed the phosphoric acid reaction of Finkelstein, Hestrin, and Koch’ 
for the detection and estimation of steroid and synthetic cestrogens. The 
need for a reaction to distinguish between tablets containing small amounts 
of the various steroid and synthetic hormones in general has led us to investi- 
gate the possibility of extending Boscott’s technique for this purpose, since 
it is known that the presence of small amounts of tablet disintegrants and 
lubricants interferes with certain colour reactions for these substances (cf. 
Cocking’). The basic technique described by Boscott was followed after 
preliminary extractions (when necessary) of the crushed tablets with ether 
and evaporation of the solvent. It is not certain in cases where extraction 
had to be used what accompanying tablet constituent was interfering with 
the fluorescence reaction; starch interfered with the dienoestrol reaction but 
in other cases merely caused a slight alteration of the fluorescence colour. 
The results given by a number of steroid hormones not previously examined 
are also recorded. 

Steroid Hormones. 

The crystalline hormone was dissolved in 0-2 ml. of glacial acetic acid, 
mixed with about 2 ml. of 88 per cent, phosphoric acid and allowed to stand 
for 1 hour, the colour and fluorescence (under filtered ultra-violet light) 
being observed at intervals. After 1 hour the solution was diluted with about 
3 ml. of glacial acetic acid and the colour and fiuorescence again noted. 
In addition, approximate fluorescence intensities are reported relative to 
oesfrone as standard. 

Desoxy corticosterone acetate. 1 mg. gave a violet fluorescence, weaker 
than oestrone after 1 hour but stronger on dilution (co. 2 x oestrone). 

Ethinyl cestradiol. OT mg. gave an intense orange fluorescence. Intensity: 
50 to 100 X oestrone. Two tablets (each 0’05 mg.) crushed and extracted with 
ether gave a similar reaction when applied to the evaporated ether extract. 

Ethisterone {ethinyl testosterone). The reaction produced a dichroic 
(green-violet) solution in acetic and phosphoric acids, turning to deep red in 
r hour. Dilution with acetic acid gave a red solution with an intense peach 
coloured fluorescence (50 to 100 x oestrone). Tablets (5 mg.) gave this 
reaction without extraction. 

Methyl testosterone. 1 mg. gave a strong yellow fluorescence (ca. 10 x 
oestrone). Tablets gave the same result without extraction using approxi- 
mately one-fifth of one tablet (5 mg.) 

(Estradiol. An immediate light green fluorescence stronger than oestrone 
and unchanged after 1 hour was produced by OT to 1 mg. Dilution with 
acetic acid caused partial quenching. 

(Estradiol dipropionate. OT to 1 mg. gave no reaction in the cold; heating 
at lOO'C for 5 minutes initiated a reaction similar to that of cestradiol, 

(Estradiol monobenzoate. OT to 1 mg. gave no reaction in the cold but 
behaved similarly to the dipropionate after heating at 100 C. for 10 minutes. 
The behaviour of the dipropionate and the monobenzoate indicated that 
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hydrolysis was occurring at lOO'C. also thaj. an OH group in the 
3-position is necessary for the production of ^uorescence. 

(Estrone.- -A- green fluorescence- was produced after -1 minute.- 
extraction with ether followed by evaporation of the ether extract the residue 
from tablets of cestrone gave the same reaction. 

Progesterone. The reaction produced a weak blue fluorescence; 5 to 10 
mg. quantities were required to make the test effective. 

Testosterone propionate. This gave no reaction in the cold. On heaflng 
at 10d°C. for 2 minutes and standing for 1 hour, dilution with acetic acid 
produced a fairly strong yellow fluorescence. Heating for 5 minutes follow- 
ing a similar procedure gave a red colour with an orange-yellow fluorescence, 
fairly strong but relatively weaker than oestrone. 

Synthetic Hormones. 

Dienceslrol. After dissolving OT mg. in 0 2 ml. of glacial acetic acid, 
adding 1-S ml. of 85 per cent, phosphoric acid, allowing to stand for 1 hour 
and then heating for 1 hour at 100°C. followed by dilution with 3 ml. of 
acetic acid, a purple colour with an intense but rather unstable violet 
fluorescence was produced, as described by Boscott. This reaction could 
be applied to dienffistrol extracted from crushed tablets with ether. Hexcestrol 
and stilbffistrol gave no reaction to this test. 

With the exception of hexcestrol and stilboestrol all the hormones 
mentioned can be distinguished when in tablet form by means of the colour 
and fluorescence reactions described, using, when necessary, ether extraction 
to separate the hormone from interfering tablet material. Owing to the low 
intensity of some of the fluorescence effects produced, comparison of an 
unknown fluorescence with fluorescences produced by known hormones when 
treated similarly should be used to obtain a reliable fluorescence identification. 

Finkelstein, Hestrin and Koch postulated that the production of a 
fluorescence depended on the presence of a conjugated double bond system 
and on the position of polar groups. The present results have indicated 
the importance of a free OH group in the 3-position and have shown that 
a 17-ethinyl group confers intense fluorescence activitj'. 

Preliminary work on the application of the techniques described to the 
identification and possible estimation of steroid and synthetic hormones in 
oily solutions for injection has revealed difficulties which necessitate further 
study. 

We desire to thank the Directors of The British Drug Houses, Ltd., for 
permission to publish these results. 

Anahtical Laboratory, q Stuart 

The Bntish Drug Houses, Ltd., London, N.l. R. E. Stuckey. 

December 20, 1948. 
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SCffiNTIFIC MEETING 

THE RELATIONSHIP BETWEEN CHEMICAL STRUCTURE AND 
THERAPEUTIC ACTIVITY 

By Professor W. H. Linnell, d.Sc., Fb.v., f.r i.c. 

Summary of a paper delivered before the Bristol and South-Western Counties 
Section of the Royal Institute of Chemistry at the University, Bristol, on January 

13, 1948 

Arguments whether the physical properties or the chemical properties of 
any active substance are the more important are largely a waste of time, as 
both are linked together via the molecular structure. The physical properties 
must be such as will ensure the substance arriving at the seat of action, but 
once this is attained some “ molecular fit ” appears to be necessary for the 
required activity. In fact, some of Pauling’s work gives scientific backing to 
the simile of the lock and key advanced by Fisher. 

During comparatively recent times the new conception has been advanced 
that, in certain attacks on invading organisms, the remedial compound exerts 
its activity by interference with an essential metabolite. The names of 
Woods and Fildes are prominent in this respect, the best example being 
that of the sulphonamides, for which the essential metabolite is p-amino- 
benzoic acid. Progress along this route is to be expected, since it gives a 
definite direction to research. Difficulty will be encountered from the fact 
that most cells, whether they belong to an invading organism or the host, 
are very similar in their essential requirements. Though immediate practical 
results in the introduction of new substances to medicine will in the near 
future, in all probability, result from the empirical method, fundamental 
information will have to take into account the biochemical aspect. 

The acridine antiseptics and the synthetic oestrogens provide examples for 
discussion. During the 1914-18 war the acriflavine type of substance was 
established as being of great importance in the treatment of wounds, since 
compounds of this class have the important property of being as active 
in vivo as in vitro. In 1935 the two compounds available were both deriva- 
tives of 2: 8-diaminoacridine, and the preparation of all the isomeric mono 
and diamino derivatives of the acridine nucleus and comparison of their 
potency was undertaken. It was found that the 2 and 5 positions were 
the most active, but that the 5 position appeared to induce increased 
toxicity. Whenever a 1 (or 8) amino substitution appeared the compound 
was entirely inactive, a result which has been explained via hydrogen 
bonding. The 2:7-derivative appeared to possess the best properties of 
a compound of this type in that, although it exhibited a high toxicity 
against the invading organisms, it was only very slightly toxic against the 
host. The work of Manifold and Russell on the use of this compound 
with brain tissue gives support. Albert has since carried this work farther, 
and claims that for an acridine derivative to be active its pK as a base should 
be above a certain value, and also that the possibility of tautomerism 
within the molecule concerning the nitrogen grouping might be of import- 
ance. A recent preparation, as yet not published, of l-dimethylamino- 
acridine, which cannot give rise to hydrogen bonding, and has a pK above the 
minimum as suggested by Albert, but which is inactive, suggests that the 
last word has not been said in this respect. 
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The asterisfi (») after (he name of an article indicates that the information 
J!n iTdeLd from the makers' publications. Further information regardins 
these articles may be obtained by application to the Editor. 

krasxnl.* The- active mgeedients of this ointment are dioxyanthranol 
0-22 per cent., ichthyol 0-85 per cent., balsam of Peru 1-00 per cent., . 
salicylic acid 0-30 per cent., resorcin 0-20 per cent., and birch tar oil 
0-30 per cent. It is inddeated in psoriasis, persistent dry eczema, lichen planus 
and various mycotic infections. Anaxeryl ointment may be applied daily 
to any part of the body. It is supplied in 40 g. tubes. a. o. 

CMoroquine Diphosphate. (New and Non-official Remedies, J. Ainer. nied. 
Ass., 1948, 136, 1049.) Chloroquine diphosphate is 7-chloro-4-(4-diethylamino- 
l-methylbutylaminol-quinoline diphosphate, CjgHsjOgNjClPot mol. wt. 515'88. 

It occurs as a white crystalline powder, m.pt. 193°C. to 195 C., or for a second 
form of chloroquine diphosphate the m.pt. is 215°C. to 218°C., readily 
soluble in vvater, almost insoluble in alcohol, benzene, chloroform and in 
ether; a 1 per cent, aqueous solution has pH about 4*5. It has a bitter taste. 
When dried in vacuo over phosphorus pentoxide at room temperature for 48 
hours, it loses not more than 2 per cent, of its weight. When a few drops of 
ammonium molybdate solution are added to 50 mg. dissolved in 3 ml. of water, 
a white precipitate is produced immediately. On adding 5 ml. of a saturated 
aqueous solution of picric acid to 20 ml. of a 0-1 per cent, aqueous solution 
of chloroquine diphosphate, a yellow precipitate is immediately produced, 
which melts, after wasting and drying, between 205°C. and 210°C. (Caution 
is required for this test !) When 50 ml. of a 0-5 per cent, solution, made alkaline 
with 1 ml. of strong ammonia solution, is extracted with two quantities, each 
of 30 ml. of cyclohexane, and evaporated to dryness and allowed to crystallise 
in a vacuum desiccator over phosphorus pentoxide, the crystals obtained have 
m.pt. 87°C. to 90°C. Assay for phosphorus — 50 ml. of a 1-5 per cent, acid 
solution of bismuth subnitrate is added to 0-2 g., accurately weighed, dissolved 
in 50 ml. of water, the mixture is digested for 2 hours on a steam-bath, and 
filtered through a Gooch crucible; the precipitate is washed with dilute nitric 
acid (2 ml. in 100 ml.), water, alcohol and finally ether, and then dried for 

2 hours at 100°C. and weighed. The phosphorus content is not less than 
11-8 per cent, and not more than 12-25 per cent. Assay for chloroquine di- 
phosphate— 0-2 g. accurately weighed, is dissolved in 50 ml. of water, and 
the solution, made alkahne %vith 5 ml. of ammonia solution, is e.xtracted with 
successive quantities of 25, 20, 15, 10 and 10 ml. of ether. The combined 
ether extracts are filtered and evaporated and the residue, after drying at lOO’C. 
for 30 minutes, is not less than 98 per cent, and not more than the equivalent 
of 102 per cent. Chloroquine diphosphate is highly active against the erythro- 
cytic forms of Plasmodium viva.x and P. falciparum and is said to have about 

3 times the activity of mepacrine against these organisms. It suppresses acute 
attacks of malaria but is not a prophylactic agent. It is administered by mouth 
before or after meals; for suppression of vivax infection 0-5 g at weekly 
intervals is recommended; for treatment of acute attacks of vivax or falciparum 

dS^lro ^ S- ‘’y 0-5 8- -fter 6 to 8 hours and 0-5 1 

daily for 2 days is sufficient to termmate the attack. l. h p ^ 

Depropanex* is a deproteinated pancreatic extract. It is a saline solution 
of a chemically denved, protem-free. nitrogenous fraction obtained by'acid- 
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alcohol treatment of mammalian pancreas. Depropanex contains no insulin, 
histamine or acetylcholine, and not more than 2-5 per cent, of solids of which 
0-9 per cent, is sodium chloride and 0-5 per cent is’ non-protein nitrogen. 
The pH is adjusted to 6*5 to 6-8. Standardisation is carried out by comparing 
the effect of the extract on the arterial blood pressure of anssthetised dogs 
with that of a standard extract. Each batch is adjusted to contain 10 depressor 
umts per ml. A qualitative test is made by observing the heart-blocking effect 
in mice. The lowering of arterial blood pressure in urethanised rabbits and 
atropinised dogs is used as a test for the absence of histamine and acetylcholine. 
Depropanex has. been successfully used in intermittent claudication, especially 
that associated with occlusive arterial disease, in renal and ureteral colic, 
spastic meteritis and dysmenorrhffia. In chronic vascular disease 2 to 3 ml. 
should be given intramuscularly every other day. For ureteral colic or where 
there is acute contraction of smooth muscles 3 to 5 ml. should be given. An 
intramuscular dose of 2 to 4 ml. is recommended for primary dysmenorrhoea. 
It is not advised that depropanex be injected intravenously. The product is 
supplied in 10 ml. rubber-capped vials. a. d. o. 

Mycil* is a fungicide, issued in the form of an ointment and a dusting-powder, 
the active ingredient of which is p-ch'orophenyl-a-glycerol ether. It is effective 
against Epidermophyton floccosutn and the various species of Tricophyton, the 
usual causative organisms of athlete’s foot. The ointment is used for treatment 
of the infection, and the dusting-powder is sprinkled in the socks or shoes as a 
prophylactic measure. s. l. w. 

Neurinase* is a combination of the active principles of fresh valerian with 
soluble barbitone. It is claimed that .volatile oil containing bomyl wovalerianate, 
obtained from the fresh rhizome, acts synergetically with the barbiturate. 
Neurinase is indicated as a hypnotic in insomnia of nervous origin and as a 
sedative in psycho-neurotic disorders and migraine. It is issued as a solution, 
containing in a teaspoonful about 2 gr. of soluble barbitone, and in tablets, 
containing, in each, about 3-3 gr. of soluble barbitone. s. l. w. 

Nitrogen Mustard Hydrochloride,* is di-(2-chloroethyl)methylamine hydro- 
chloride, the nitrogen mustard derivative known in America as bis(^- 
chloroethyl)amine hydrochloride, or “ Bis.” It is indicated in cases of 
Hodgkin’s disease which have become resistant to radiation therapy, produc- 
ing a remission of symptoms, and rendering the case amenable to further 
X-ray treatment. It does not appear to be more effective therapeutically 
than radiation therapy in the treatment of lymphosarcoma or lymphatic and 
myelogenous leukremia. The results obtained with nitrogen mustard in the 
treatment of polycythmmia rubra are comparable with those obtained with 
radio-active phosphorus. It is administered intravenously in a dose of 0-1 
mg. /kg. of body weight for a total of 3 to 6 days; the maximum single dose 
should not exceed 8 mg. and an interval of 6 to 8 weeks should be allowed 
between courses of injections. Solutions for injection must be freshly 
prepared, 10 ml. of a 0-9 per cent, sterile solution of sodium chloride being 
added to 10 mg. of the salt. Nausea and vomiting and a tendency to hremor- 
rhage may occur. Extravasation should be avoided. Nitrogen mustard 
hydrochloride is issued in boxes of 10 vials each containing 10 mg. s, l. w. 

Promizole* is a proprietary brand of 2: 4' diamino-5-thiazolylphenyl sulphone, 
and is used in the oral treatment of leprosy. No claim is made as to the ultimate 
value in leprosy of promizole given orally, but the theraneutic results so far 
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obtained are considered suffidentiy encouraging to wnnant further cluu'ral 
sS Doses of 1-5 g-, increasing to 6 g., have ^n given daily for penods 
of a vear or more; the drug is well tolerated. Mtial reports ^ 

that it may also be of value in tuberculosis. Tablets of 0-5 g. are supphed m 

bottle of 100 and 1,000. s.uw. 


Prothridn* is an antibiotic nasal decongestant which cont^s 2-00 per cen . 
of tsTothiicin and 1-5 per cent, of propadrine hj'drochloride. The solution 
is buffered to pH 5-5 to 6-5 and contains 0-002 per cent, of phenylmercunc 
acetate as a pr^ervative. The shrinking effect of propadrine on the nasal 
mucosa lasts for 2 hours and causes little or no irritation or side reactions. 
Prolonaed use does not cause the ill-effects of ephedrine on the nasal mucosa. 
The extensive use of tj-rothricin has not ^ven rise to drug sensitirity nor has 
has it caused tissue damage. In this respect it is superior to the sulphonamides. 
The concentration of tjTothricin in protMcin is effective in the presence of body 
fluids and tissue exudates against the Gram-positive orgamsms commonly 
infecting the respiratory tract and it is moderately effective against the Gram- 
negative meningococd and gonococci. It is recommended for acute catarrhal 
rhkiitis, rhinosinusitis and ethmoiditis, and the incidence of otitis media and 
other complications may be reduced by its use. Cbronic infections respond 
less readily. Applied by means of a dropper or spray, prothridn should be 
used every 15 to 30 minutes or as necessary. Unless there is constant medical 
supervision it is contra-indicated in heart or thynoid disease, high blood pressure 
and diabetes; otherwise prothridn seldom causes side effects. The preparation 
is supplied in dropper-bottles containing 1 fl. oz. A. d. o. 


Scobenol* is a stable emulsion containing 25 per cent, of benzyl benzoate for 
the treatment of scabies. After bathing and drying, the emulsion is applied over 
the whole body from the neck downwards with a flat paint brush, and is allowed 
to drj' on. Two such treatments, either on successive days or willun a period 
of 8 days, are suffident. Scobeuol is issued in bottles containing 4fl. oz., 
which is suffident for the complete treatment of an adult, s. L, w. 


T-EaUB.* is a proprietary' form of tetraethylammonium bromide supplied 
as a 10 per cent solution for intramuscular or intravenous injection. The 
tetraethylammonium ion produces a fall in blood pressure, depression of 
gastro-intestinal motility, pupillary’ changes, cessation of sweating, dry mouth, 
and postural hypotension. It should not be administered to patients with 
low blood pressure or with vasomotor instability', and only w'ith caution to 
patients with severe hypertension and poor renal function. It is indicated 
in the treatment of peripheral vascular disease and functional vascular 
disorders such as Raynaud’s syndrome, in thrombo-angiitis obliterans and 
tiirombophlebitis, for the reh'ef of pain in causalgia and in neuralgia follow'- 
mg heipes zoster, for the relief of hypertension, and for the alleriation of 
the pain of peptic ulcer, abdominal cramps and diarrhcea; by distension 
^the bladder it abo relieves pain in certain types of vesical dvsfunction. 
The recoi^ended dosage for intravenous use b 0-2 to 0-5 g. in 10 per cent 
solution; intramuscularly the dose should not exceed 20 mg,/kg. of bodv- 
weight or 15 ml. of the 10 per cent solution, but usually 5 to 10 mL is 
sufficient Intravenous injection produces an immediate response but the 
eSwt IS less prolonged than with the intramuscular injection. It ’is issued 

S 1 mL „ 5 
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Tivlolac* is a solution of colloidal calcium and vitamin D for injection, 
subcutaneously or intramuscularly, in allergic states such as urticaria, 
allergic rhinorrhoea, migraine and asthma, or in vasomotor disorders such 
as chilblains or angioneurotic oedema. It may also be employed prior to 
tonsillectomy and dental extraction to reduce capillary haemorrhage, and it 
may be given to hasten bony union where this is delayed owing to known 
calciurn deficiency. The average dose is 1 ml. daily for 2 days, followed 
by a sitnilar dose at 4 to 6-day intervals. Tivlolac contains 0'05 per cent, 
of colloidal calcium and 5000 I.U. of vitamin D in 1 ml., and is issued 
in boxes of 6 and 12 ampoules of 1 ml., and in rubber-capped bottles con- 
taining 15 and 30 ml. s. L. w. 

Vibelan* tablets contain aneurine hydrochloride 0'5 mg., riboflavine 
0-75 mg. and nicotinamide 7 5 mg. in a yeast extract base; it is claimed 
that the daily administration of 4 tablets supplies the normal adult require- 
ment of these 3 vitamins, the yeast extract providing small unstandardised 
amounts of other members of the vitamin B group. The use of the tablets 
is indicated in all vitamin B deficiency states, in seborrhoeic dermatoses 
and some forms of acne, and in patients receiving glucose-saline infusions. 
Since inactivation of oestrogens by the liver is impaired by vitamin B 
deficiency, the use of the tablets is also suggested in the treatment of 
functional uterine haemorrhage and other hypercestrogenic states in either 
sex, including benign prostatic hypertrophy. Vibelan is issued in bottles 
of 50, 250, and 1,000 tablets. s. L. w. 


THE RELATIONSHIP BETWEEN CHEMICAL STRUCTURE AND 
THERAPEUTIC ACTIVITY {continued from page 132). 

With regard to the synthetic oestrogens, it was suggested that the high 
activity of the stilboestrol which resulted from the work of Robinson, Dodds 
et al was due to molecular simulation of oestradiol. To probe this contention 
3-monohydroxy, 4-monohydroxy and 3:4-dihydroxy-ayS-diethylstilbene were 
prepared and tested for oestrogenic activity. The 4-hydroxy compound was 
very active, an activity which was highly potentiated by the introduction of 
a second 4-hydroxy group; the 3-hydroxy derivative showed little activity, 
and the 3:4 dihydroxy showed a lower activity than the 4-monohydroxy 
compound. These results proved that molecular simulation could not be 
the whole story, and with any derivative of diethylstilbene a porn-hydroxy 
group was of paramount importance. Further exploration of the molecular 
skeleton, aj8-diethylstilbene, has resulted in obtaining an activity similar to 
that of deoxycorticosterone in 4-hydroxy-4-a)hydroxyaceto-a;8 diethylstilbene 
and recently cardiatonic activity in a 4-butenolide. 

It will be observed that the examples chosen illustrate the empirical method 
of attack, but that once an activity has been obtained further work of a 
systematic character may be prosecuted within the group. Many 
thousands of different researches, having for their aim the production of 
something of use in medicine, have produced the comparatively few 
important synthetic compounds in use to-day, but, although many of the 
researches lead to a negative result, they none the less contribute to the 
knowledge of the relationship between chemical structure and therapeutic 
activity. 
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Cottriauld Professor of Biochemisiry in the University of London 


The field of chemotherapy in general has shown the large numbers of 
compounds which can be used for the same purposes. One only has 
to contemplate the development of the so-called “ sulpha ” drugs to 
provide an example of this. The first compound produced by Domagk^ 
was the complex dye-stuff Prontosil. This substance obtained wide 
acceptance for the treatment of certain infections, but almost completely 
disappeared after the brilliant observ'ations of Trefouel, Nitti and Bovet- 
that in the rabbit the compound was split at the azo linkage, liberating 
sulphonamide, and that this simple substance itself was active against 
certain infections. As we know, this was the start of a whole series of 
drugs of which there must be by now many hundreds on the market. 

The same stoiy can be told of the anti-syphilitic remedies, and the 
same is true of the anti-malarials. The physician wishing to treat either 
of these conditions has a nude range of compounds to choose from, 
many of them differing quite fundamentally in constitution, despite the 
fact that they all bring about the same therapeutic results. 
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Up to the discovery of synthetic cestrogens, this phenomenon did not 
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The first indication that there might be a whole series of closely re- 
lated substances secreted by one endocrine gland came with the isolation 
of five different oestrogenic substances from the .urine of pregnancy, 
namely, (Estrone, oestriol, oestradiol, equiline and equilenine (II to VI). 
These all have the same qualitative effect, though their quantitative 
effects are different. 

The same story was unfolded concerning the suprarenal cortex. It 
is now'known that a very large number of steroid substances are pro- 
duced by the cortex of the suprarenal gland, differing in constitution 
and differing considerably in their metabolic action. 

Chemistry 

Up to the present time the basic structure of the cyclopenteno- 
phenanthrene ring system (I) has been found Indispensable for 
androgenic, progestational and adreno-cortical action. In the case of 
oestrogens it has been found possible to break away from this structure. 

It is only necessary to review very •briefly the work leading to the 
synthesis of stilboestrol and its allied compounds. Experiments were 
begun in the Courtauld Institute about 1930 with the object of seeing 
how far it was possible to change the molecule of oestrogenic substances 
without destroying the biological activity. As all naturally-occurring 
oestrogens contain the phenanthrene system as part of the nucleus, a 
number of phenanthrene derivatives were prepared and tested by the 
vaginal smear method (Stockard and Papanicolaou’) on ovariectomised 
rats. In 1933, the substance 1 -keto-l : 2 : 3 : 4 -tetrahydro-phenanthrene 
(Cook, Dodds and Hewett^) was found to be active in rats at a dose 
level of 100 mg. /rat (VII). At the same time a certain similarity was 
noticed between the microscopic appearance of the cells of the vagina 
under the influence of oestrogens and the proliferation caused by the 
painting of carcinogenic hydrocarbons on the skin. Two of the most 
potent carcinogenic hydrocarbons. 5:6-cyclopenteno-l ; 2-benzanthracene 
(Vlll) and 1 : 2-benzpyrene (IX) were tested and found to have definite. 
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though slight oestrogenic activity (Cook and Dodds^). Moreover, it was 
found that by introducing groups in the 9: 10-position of dibenzanthra- 
cene this could be converted into quite a powerful oestrogen. A series of 
9 : lO-dihydroxy-9 : 10-dialkyl-l : 2 : 5 ; 6-dibenzanthracenes was specially 

138 



SYNTHETIC (ESTROGENS 


investigated, and the di-n-propyi substituent (X) was found to be active 
in a dose of 25 ;xg. in the rat (Cook, Dodds, Hewett and Lawson’). 


At this point it was decided to see whether the phenanthrene nucleus 
could be dispensed with and a series of compounds was made, the aim 
always being to find the simplest possible substance with the highest 
oestrogenic activity. Considerable activity was shown by certain com- 
pounds with only two benzene rings, particularly by stilbene (XI) and 
4 ; 4 '-dihydroxystilbene (XII) (Dodds and Lawson')- An attempt was 
then made to “drop” one of the rings and the compound anol. 
p-hydroxypropenylbenzene (XIU), was tested. This appeared to be very 
highly active (Dodds and Lawson®), but when other workers attempted 
to repeat the observation, considerable variation was found in the dif- 
ferent batches of anol, some having only very slight activity. The 
conclusion was that the activity in some batches of anol was due to 
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a contaminant, probably a dimeride of anol. The unsymmetrical 
dimeride, di-anol (XW), was tested, but though active, it was not suffi- 
ciently so to account for the high activity of some of the batches of anol 
(Campbell, Dodds and Lawson®). The other possibility was the sym- 
metrical dimeride, 4:4'-dihydroxy-a:p-diethyl stilbene, later known as 
sthbcEstrol (XV). This compound was synthesised by a combined team 
from Sir Robert Robinson’s Department at Oxford and from the 
Courtauld Institute. When tested on rats by the vaginal smear method 
this was found to be the most powerful oestrogenic substance then known 
(Dodds, Golberg, Lawson and Robinson’®). At the same time it was 
found possible to isolate another compound from the residue remain- 
ing from the anol crystallisation, and this compound was later known 
as hexcestrol (XVI) (Campbell, Dodds and Lawson”). A further com- 
pound, diencestrol (XVII). was made a few months later (Dodds 
Golberg, Lawson and Robinson”). 

These compounds have now been used, particularly for the treatment 
of menopausal symptoms, for nearly ten years, and have been found to 
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replace the naturally-occurring CEstrogens in every way, with the addi- 
tional advantage that they are active by mouth. They have also been 
used since the publication by Huggins'^ of his observations on carcinoma 
of the prostate for the treatment of this condition, and have proved to 
be of great benefit in a large proportion of cases. 

With the establishment of stilboestrol, hexoestrol and dienoestrol as 
therapeutic agents, it looked as if the interest in this particular field 
had more or less ccme to an end. Recently, however, there have been 
a number of developments of entirely new synthetic oestrogens, and it 
is mainly with these that the present account is concerned. 

In the first instance, we must abandon the use of the term “ synthetic 
oestrogen,” as pointed out recently by Horeau”. The synthesis of 
oestrone has now been effected, and therefore the naturally-occurring 
hormone could also be included under the heading of synthetic oestrogens. 
For the stilboestrol type of substance it is better to employ the term 
“ artificial oestrogens ” in the future. 

The total synthesis of oestrone was effected by Anner and Miescher”. 
Whilst this is of great theoretical importance, it would appear very 
unlikely that the synthetic product will ever compete with the production 
from natural sources. The natural oestrogens are prepared commercially 
either from the urine of certain pregnant animals, notably the mare, or 
from cholesterol by a degradation synthesis. 

The fact that there were available three artificial oestrogens for use 
in therapeutics did not hinder the attempts to find others, since it was 
hoped by this means to find some clue as to the reason for the oestrogenic 
activity shown by substances with a constitution far different from that 
of the natural product. 

Recently, clinical interest has been shown in a substance produced 
by Inhoffen and Hohlweg^® as long ago as 1938. These workers showed 
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that it was possible to introduce an ethylenic linkage on to the 17-carbon 
atom in oestradiol. The resulting compound was called ethinyl oestradiol 
PCVIII). This derivative of the naturally-occurring substance was found 
to be active by mouth, but it was also stated to suffer from the same 
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disadvantages with regard to the production of side-reactions as stil- 
bcEstrol. There are no figures available to show the comparative potency 
of this substance as compared with the others, on laboratoiy aniinals, 
and therefore it will merely be referred to from the clinical point of view. 

Attempts to produce substances of the same degree of activity as the 
stilbcestrol series have not been particularly successful. The activity of 
diphenylethylene was shown to be definite, but slight. Robson and his 
colleagues” studied the activity of triphenylethylene (XIX) and have 
shown that derivatives in this series have activity, but again on a much 
lower plane than the stilbcestrol series. Robson and his colleagues^®’’® 
also made some interesting observations on halogen substituted deriva- 
tives of triphenylethylene. These substances have not aroused the interest 
of clinicians. 
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Another modification of the stilbcestrol type of molecule was made 
by Blanchard and his colleagues-®’-’ in the synthesis of octofollin, 
2, 4-di(/;-hydroxyphenyl)-3 -ethyl hexane (XX). This is a derivative of 
hexane and the general resemblance to the stilbcestrol formula can be seen 
by comparing the formulae. This substance is considerably less active 
than those of the stilbcestrol series, but it has been offered commercially 
and there are references to its activity in the human subject (Jaeger-®), 

In an attempt to explain the activity of synthetic cestrogens the author 
suggested (Dodds”) that some of the substances showing oestrogenic 
activity might be regarded as stages in the disintegration of the cyclo- 
penteno-phenanthrene nucleus. For example, the activity of the diphenyl 
series might be explained by the opening of ring B in the manner shown 
in the diagram (XXI). With the discovery of stilbcestrol, however, this 
hypothesis was rather neglected, but recently it has been revived in a 



Miescher and his col- 
leagues, and later by Korean and Jacques®’’®®’®®-®’. 
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In 1933 Doisy and his col]eagues"8.=9 showed that it was possible to 
produce a very highly active substance from cestradiol by an oxidation 
process, but they failed to identify the compound so produced. The 
suggestion that highly active substances could be obtained in this manner 
suggested to Miescher and his colleagues that the disintegration of the 
cestrone molecule might produce substances of considerable activity. He 
therefore synthesised a number of compounds which corresponded to 
the oestrone molecule with the 5-membered ring opened. Two of these 
substances have shown great activity. These are referred to as doisynolic 
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acid and h/sdehydrodoisynolic acid respectively (Miescher-‘>®°) (XXH, 
XXIII). There have been extensive clinical trials with the 7-methyl 
derivative of Znsdehydro-doisynolic acid. Miescher and his colleagues 
have published a number of papers on the synthesis of this compound 
and have also described-® a shortening of the synthetic process, but even 
with this advantage the method of production is infinitely more costly 
than that of the simpler stilbene derivatives such as stilboestrol. 

Following up the disintegration idea still further, Horeau and Jacques^' 
synthesised compounds which correspond to doisynolic acid with the 
6-membered ring C opened. This yields a series of naphthalene deriva- 
tives, some of which have shown considerable activity. The parent 
substance has been called allenolic acid (XXIV) and the most active 
member of the series is dimethylethylallenolic acid (XXV), sometimes 
referred to as the Horeau acid. 


Biological Activity 

The biological standardisation of sex hormones and particularly of 
oestrogens has always presented very great difBculties. The oestrus 
reaction in the ovariectomised rat or mouse can only be treated quanti- 
tatively on a statistical basis, and the method proposed by Coward and 
Bum®” is still the basis of all methods of standardisation. This in brief 
consists in an estimation of the amount of material required to produce 
full oestrus response in 50 per cent, of a group of ovariectomis^ animals. 
According to the size of the group, so vary the reproducibility’ and 
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accuracy of the result. To obtain a reproducibility of 20 per cent, some 
20 animals must be used, and in order to get down to 10 per cent. 100 
\YiIl be required. It can be seen that such a standardisation is ver>' 
laborious, and in order to make the results of one laboratory comparable 
with those of another the League of Nations Committee on Biological 
Standards introduced the international standards of oestrone and 
oestradiol some years before the war. With the isolation and charac- 
terisation of the pure compounds, the difficulties of standardisation ver>’ 
largely disappeared and the dubious use of “ rat units ” fortunately dis- 
appeared from the literature. 

The introduction of synthetic (Estrogens raises a whole series of new 
difficulties, and the comparison of the potency of the various synthetic 
and artificial osstrogens becomes an impossibility. In the first instance, 
it will be remembered that the potency of an oestrogenic substance de- 
pends not only on the actual weight of material administered, but on 
the length of time over which the administration is spread. By and 
large one can say that the more one fractionates the dose, the greater 
V will be the potency showm. One of the great difficulties with the synthetic 
(Estrogens is their rate of absorption and destruction in the animal body. 
It is therefore very difficult to compare on any sound basis the activity 
of, say, stilbcBstrol as against (Estradiol. Again, the sensitivity of 
animals varies from laboratory to laboratory, and therefore it is impos- 
sible to compare potencies arrived at in one laboratory with those of 
another. In the Courtauld Institute a method of standardisation has 
been worked out using ovariectomised rats and fractionated injections 
in sesame oil. By the use of this method it has been possible to arrive 
at the relative potency of the various synthetic substances which led to 
stilbosstrol. The results are only comparable in the one institution, 
and therefore it is not proposed here to make any suggestion that the 
potencies given are in any way absolute. By our method the following 
Table gives the potency of the synthetic (Estrogens mentioned : 


Substmce 

Stilboestrol 

Hexoestrol 

Dienoestrol 

■*7-methyl-f)isdehydro-doisynolic acid 
Dimethylethylallenolic acid 


Dose per Rai 
0-3 to 0-4 fig. 

0-2 fig. 

0-4 fig. 
0-5 fig. 
3-0 to 4-0 fig. 


From this table it can be seen that by the methods employed, hexoestrol 
substance of the series when administered by sub- 
cutaneous injection m oil. With regard to oral administration, it Would 
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appear that in the rat the most potent substance is 7-niethyl-6isdehydro- 
doisynoiic acid, with stilbcestrol occupying second place. 

Clinical Activity 

The earliest tests of stilbosstrol were made under the Eegis of the 
Medical Research Council in 1939 (Bishop, Boycott and Zuckerman^^, 
Winterton and MacGregor^’). Since that time a vast literature has 
accumulated describing the testing and dosage of the various synthetic 
cestrogens. Out of this very extensive, and in many cases highly uncri- 
tical, literature a number of facts emerge : 

1. That the synthetic cestrogens are active in the human subject by 
mouth, and that they are efficient in the treatment of the various 
gynaecological disorders. 

2. That all products in a varying degree do cause side reactions, 
varying from slight nausea to, very rarely, severe symptoms such as 
vomiting, skin rashes, and so forth. By and large the reactions are 
never so severe as to necessitate the discontinuance of the treatment. 

3. Astonishing diversity of opinion occurs on the relative potency 
and percentage of side reactions in these various compounds. Tn the 
first instance, the question of side reactions has been the subject of much 
speculation. Various groups of workers have claimed that one of the 
synthetic cestrogens is much less prone to produce side reactions than 
another, and from this it has been concluded that the toxicity is due to 
some peculiarity of the molecule. To the present writer this has always 
seemed an unlikely explanation, and in view of the fact that it is possible 
to get the same type of side reactions with compounds of such widely 
different structure as ethinyl cestradiol, doisynolic acid and allenolic 
acid, stilbcestrol, and so forth, it would appear much more reasonable 
to suppose that the toxicity is associated with the oestrogenic potency. 
It is known that the naturally-occurring cestrogens are rapidly destroyed 
in the body, whereas most of the synthetic cestrogens are excreted in 
the urine either unchanged in part or in conjugation with glucuronic acid. 

It has been usual to assume that the sensitivity of all mammals is 
roughly the same for cestrogens, but there is now considerable evidence 
that such is not the case, and that it is most unwise to assume that the 
human female will react in the same way as the laboratory animals. 
The difficulty in the past has been the lack of any quantitative work on 
the subject. It is therefore with very great interest that the paper by 
Bishop, Keimedy and Wynn-Williams^^ has been received. These authors, 
recognising the lack of quantitative data, have attempted to standardise 
the cestrogens on the human subject by using oestrogen withdrawal bleed- 
ing as a criterion. If cestrogens are given to a menopausal woman with 
amenorrhcea, amelioration of the symptoms of the menopause occurs 
almost immediately. If, after a fortnight or so, tr^tment is suddenly 
stopped, a small vaginal hiemorrhage occurs. This has been termed 
oestrogen withdrawal bleeding. Bishop and his colleagues have used 





SYNTHETIC (ESTROGElNb 

this as an end-point in their standardisation, and by determining fte 
minimum amount of orally active oestrogen necessary to mduce this 
phenomenon, have been able to place the compounds tested m order of 
potency. The result was that, of the substances tested, stilbcestrol is 
the most potent. In view of the extremely important nature of their 
conclusions, the summary is quoted in extemo: 

“ A method is described for comparing the potency of cestrogens 
in man. It consists in giving the (Estrogen daily by mouth in 14-day 
courses to amenorrhoeic women and recording whether oestrogen 
withdrawal bleeding takes place. 

“The results obtained indicate that diencestrol is about a 
quarter, doisynolic acid about a fifth, and hexcestrol about an 
eighteenth as potent as stilbcEStrol. 

“ Investigation of the incidence of ‘ toxicity ’ indicates that stil- 
bcEstrol is more likely to produce nausea in therapeutic doses than 
are dienoestrol, doisynolic acid and hexcestrol. 

“ Reasons are given for choosing this end-point, and for the 
failure to devise any other suitable method of assessment at dif- 
ferent levels of (Estrogenic response, such as the relief of menopausal 
symptoms, the production of an oestrous vaginal smear, and the sup- 
pression of lactation.” 

This work is of verj' great interest in that it shows the foUy of apply- 
ing results obtained on animals to the human being. For example, 
there appears to be little doubt that T-methyl-h/rdehydro-doisynolic acid 
is highly potent in the rat and mouse by mouth, yet it appears from the 
results of Bishop and his colleagues to be relatively impotent in the 
human female. 

Finally, ethinyl (Estradiol has been the subject of a number of pub- 
lications, and there is no doubt that it is able to replace the naturally- 
occurring (Estrogens in the same way as stilboestrol. A number of papers 
have appeared in America which show that menopausal symptoms can 
generally be controlled by daily doses of 0-05 to about 0-3 mg. (Wies- 
bader and Fillet^S Groper and Biskind^’, Salmon et al.^% Bimberg 
et al.^' have used ethinyl cestradiol with success for the treatment of 
the menopause and of amenorrhcEa, for the suppression of lactation and 
for the induction or hastening of labour. Ethinyl cestradiol can also 
be used, like other cestrogens, for the treatment of carcinoma of the 
prostate (McCrea^®). Some papers have appeared in which the potency 
of ethinyl cestradiol is compared with that of other (Estrogens, natural 
and artificial. Harding^'* in a series of 47 cases used ethinyl (Estradiol 
and other (Estrogens to treat hypo-ovarian symptoms. Ethinyl cestradiol 
was shown to be the most active of the substances used, but like stil- 
bcestrol was liable to cause “mild toxic reactions.” Jeffcoate et al*'> 
have compared ethinyl cestradiol with other (Estrogens on its power to 
suppress lactation. By this criterion it is also shown to be the most 
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active. However, as pointed out by Bishop et al.^\ this is “an unsuit- 
able method for the clinical assessment of cestirogens,” and it is not one 
that lends itself to quantitative consideration. Finally, Soule« has com- 
pared ethinyl cestradiol, using cestrogen withdrawal bleeding as the end- 
point, with stilboestrol, a-oestradiol and “ mixed cestrogens.” The various 
oestrogens were only tested on 1 patient, so the results can hardly be con- 
sidered as statistically significant, but it was shown in this case that 
ethinyl oestradiol was the most active, producing cestrogen withdrawal 
bleeding with a dose of 0-05 mg. per day for 21 days, as against a dose 
of 4 mg. of stiIbcEstrol for 13 days. Both these substances caused 
nausea when used in effective dosage. 

Future Research 

The success obtained in the field of synthetic cestrogens leads one to 
speculate as to future possibilities in the extension of research. Whilst 
it is always unwise to prophesy, there would appear to be two main 
lines of work. 

Firstly, is it possible to synthesise compounds with a more selective 
action on the various tissues acted upon by oestrogens? As Parkes*- 
has pointed out, the word oestrogen is rather an unfortunate one, since it 
fcxmsses attention on only one aspect of these compounds’ activities, 
namely, the production of oestrus changes in the vagina. He has sug- 
gested that the term “ gynmcogenic ” would be better, as this would 
include all the various activities ass(x:iated with oestrogenic power, such . 
as development of secondary sexual characteristics, action upon the 
uterus, breast and anterior lobe of the pituitary. Many have speculated 
as to whether it would be possible to synthesise a substance with selective 
action on the anterior lobe of the pituitary, whilst at the same time 
having little action on the breast, uterus and so on. The advantage of 
such a compound in the treatment of carcinoma of the prostate is obvious. 
It is the writer’s opinion that there is no evidence that such compound 
could be found. Experience suggests that these compounds act in their 
entirety, and that it is not possible to segregate or separate the various 
actions. In other words, the results are due to oestrogenic activity per se. 

The second line of speculation is whether it will be possible in the 
future to make synthetic analogues of the other steroid hormones. In 
other words, would it be possible to produce a compound with, let us 
say, androgenic activity, which bears no more resemblance to testosterone 
than does stilboestrol to oestradiol. Whilst on general grounds it would 
seem possible that such compounds could be produced, until one has 
actually been synthesised and its action demonstrated it is obviously 
idle to speculate. 

In conclusion it may be stated that the clinician has a wide selection 
of artificial cestrogens from which to choose to treat his patients by 
the oral route. Again, consideration of the evidence would seem to 
indicate that there is little to choose between any of these substances, 
and that they are likely to produce side reactions in direct proportion to 
their oestrogenic potency. 
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Investigations on the natural cardiac glycosides have revealed that the 
unsaturated lactone ring in the side chain of their aglucones is indis- 
pensable for the specific action on the heart. Thus Elderfieldh Ruzicka^ 
Reichsrein^ and others have been engaged in the preparation of un- 
saturated lactones related to the natural aglucones, but the compounds 
they obtained did not show cardiotonic activity^. Comparing the 
potencies of some cardiac glycosides with those of their aglucones Chen® 
made it clear that glycosidal combination enhances the cardiotonic 
potency up to 12 times. So, whilst a synthetic aglucone of relatively 
small activity might show no activity whatsoever during pharmacological 
tests, it is much less likely that the potential cardiotonic activity of such 
a compound would be overlooked if it was examined in glycosidal form. 

Some special monosaccharides have been found in nature only in com- 
bination with the cardiac aglucones, and might be supposed to have an 
optimum effect upon the activity of the aglucones with which they are 
combined. However, synthetic glucosides of strophanthidin, digitoxin 
and digoxin® possess a greater activity than the natural glycosides. Hence 
no specificity may be expected from the sugar fragment of the molecule. 
Certain comparatively simple molecules of the substituted butenolide 
structure have been prepared and examined for cardiotonic activity. 
These substances are shown in Table I. 

TABLE I 


( ( 

HjC C=0 


r=CH3^: -C.H,: -CH,.CH=.CH3 

= .CeH,; -QH,(0H) [1 :4]; -CsH.(OH) [1 :3]n -QH^lOCHa) [1 :3]» 
= cyclohexyl; 2-chloro-cjc/ohexyl; cis and irans 4-hydroxy 
=cyc/ohexyP°; 3 : 4-dihydroxycyc/ohexyl” 

= A^-cyc/ohexenyl® * 

= cyc/opeatanyP^ 

= a-naphthyl: (S-naphthyl; 6-hydroxy-^-naphthy], 

6-methoxy-2-naplithyI; decabydro-fS-aaphthyP 
= l-indanyP 
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Although the methyl and the p-naphthyl derivatives showed a minute 
reaction in frous (active at a dose of 2 mg./g.)*J all the other substances 
were inactive.'" This level of activity is hardly significant. However, 
none of the compounds has been converted into glycosides and tested 
in this form. 

For these reasons it was decided to prepare some compounds which 
possess the characteristic unsaturated lactone ring in conjugation with 
simple hydroxylated carbon skeletons, and convert them into their re- 
spective ducosides before pharmacological testing. The first member 
of this series, p-hydroxyphenyl-Ac.p-butenolide glucoside, was obtained 
by the action of acetobromoglucose on p-hydroxyphenyl-Ao'-P-butenolide' 
and subsequent deacetylation of the tetra-acetylglucoside thus obtained 
by means of barium methoxide. The glucoside was obtained as a 
white microciystalline powder melting at 208’ to 209 “C.; it had a faint 
bitter taste and was vety hygroscopic and freely soluble in alcohol and 
in water. It gare a positise Legal’s test and was hydrolysed on boiling 
in water. The analtlical figures uere in accord with those required. 

Pure acetobromoglucose necessary for the reaction rvas obtained in 
good yields by a modification of the process usually used for its pre- 
paration^. 

Neither the pure aglucone nor the glucoside showed any cardiotonic 
actbity. The tetra-acetylglucoside was insoluble in ordinary solvents and 
thus could not be examined. 


ExPERIxrEKTAL 


Acetobromoglucose. The following method was found to be better 
than the normal method for the preparation of the compound. 

Glucose penta-acetate (10 g.) was co\ered with commercial 50 per 
cent, solution of hydrogen bromide in glacial acetic acid (20 ml.) at 
0°C. The mixture was left at room temperature overnight, then gradu- 
ally poured with stirring into a large excess of ice-cold water. The 
acetobromoglucose, which separated as a white crystalline mass, was 
filtered, washed with ice-cold water and dissobed in warm methyl 
alcohol, and the solution kept in a refrigerator for 1 hour. The com- 
pound separated out in long colourless needles, which were filtered and 
recr\'stallised from isopropyl ether. Yield 95 to 98 per cent* mot 
9rc. 


p-0-Tetra-ace!ylghicosido.xyphenyl-M:S.biitenoIide. p-Hydrcxj-phenyl- 
^a-.e-butenolide' (1 g.) dissolved in 2 per cent aqueous sodium hydroxide 
(10 ml.) was added to a solution of acetobromoglucose (2-5 2 .) in acetone 
( 1 0 ml.) and the mixture shaken for 5 hours. 2 per cent, sodium hydroxide 
solution (15 ml.) and acetobromoglucose (2 g.) were added and the mix- 
ture shaken for a further 12 hoars. The precipitate that formed w'as 
filtered, washed with 10 per cent sodium hydro.xide solution and 
CD’stalUsed from alcohol. It formed colourless shinina plates mnt 
195 to 195-5'C. Yield 36 per cent. Found; C. 56-72; i ^OI-' 

requires C. 56-89; H, 5-10 per cent. - rr, o ui , 
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p-Hydroxypiienyl-Aa-.p-batenolide glucoside. 2N Barium methoxide" 
(0-J ml.) was added to a suspension of the glucoside acetate (0-4 g.) in 
methyl alcohol (40 ml.) and the mixture kept at ordinary temperature in 
a stoppered flask for 5 days. The solution was exactly neutralised by 
the addition of 0-5N sulphuric acid (1 ml.) and, after allowing to stand 
for half an hour, the precipitate was filtered off. The filtrate was 
evaporated to dryness under reduced pressure and the residue dissolved 
in methyl alcohol; pn adding dry ether to the solution a white precipitate 
was thrown down. The precipitate was rapidly filtered, washed with 
ether followed by light petroleum and then kept in a vacuum desiccator 
until dry. The glucoside formed a white microcrystalline powder, m.pt. 
208° to 209°C. Yield 90 per cent. Found: C, 54-5; H, 5-64 per cent.; 
CibHisOs requires: C, 56-5; H. 5-4 per cent. 

The aglucone, glucoside acetate and glucoside gave a positive Legal’s 
test. 


Attempts to form the glucoside acetate by shaking in presence of 
active silver oxide in different solvents alone^'^ and in presence of 
pyridine'? gave amorphous brown products which could not be purified. 

Thanks are due to Professor Buttle and Dr. Dyer, of the Pharmaco- 
logical Department of this School, for the physiological testing of these 
compounds. 
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In Part I of this series the /7-hydroxyphenyl-A«:^'butenolide and its 
8-2lucoside were found to have no cardiac activity.' The su^ess which 
has attended the use of the stilbene nucleus in 'the preparation of syn- 
thetic osstrogens naturally encourages the use of this nucleus in other 
fields of steroid derivatives. For this reason it was decided to attempt 
the preparation of a 4-hydroxy'4'-&tt-P'butenolido-a:p-diethyIstilbene (I) 

in the hope that this molecule or the glucoside prepared from it would 
exhibit the desired activity. 


HO 



! ! r 

'\/v/\/ 


COOH 


CHjO-l 


n 


Some little difficulty was encountered in the preparation of this com- 
pound, but at length its methyl ether was obtained. The starting 'point 
of the synthesis was, 4-methoxy-tt:p-diethylstilbene-4' -carboxylic acid (11) 
which had been previously obtained in low yields by Jaeger and Robinson^ 
and by Neher and Miescher®, and therefore attempts were made to 
improve this preparation. The previous authors obtained (II) by the 
hydrolysis of the corresponding nitrile although difficulties had previously 
been encountered m the hydrolysis of such sfilbene derivatives'*’®’®. 

This difficulty was surmounted by the hydrolysis of 4-methoxy-4'- 
cyanodeoxybenzoin- with a mixture of acetic and sulphuric acids, when 
a good yield of 4-methoxy-4'-carboxy-deoxybenzoin was obtained in 
colourless needles melting at 223° to 224°C. It was slightly soluble in 
alcohol, ether and benzene. This acid was converted into its ethyl ester 
which, was obtained in fine white needles melting at 136° to 137°C. It 
gave the required analytical figures as did its 2 : 4-dinitrophenylhydrazone 
which crystallised from benzene-light petroleum mixture in red scales 
m.pt. 165° to 166°C. 

The above ester was ethylated by means of sodium ethoxide in ethyl 

ol and the 4-methoxy-4'-carbethoxy-a-ethyl-deoxybenzoin obtained 


151 



\V. H. LINNELL AND F. SAID 

was purified by distillation in vacuo; it formed a pale yellow' oil boilins 
at 220° to 223 °C./ 0-2 mm. Hg. pressure. The 2 : 4-dinitrophenyP 
hydrazone separated as an oil and could not be induced to crystallise. 
The ester was easily hydrolysed to the free acid which, separated as an 
oil and solidified into a resinous mass which was subsequently crystallised 
from benzene-light petroleum mixture in thick needles melting at 125° 
to 126°C. Both the ester and the acid gave analytical figures according 
with those theoretically required. 

The resulting 4-methoxy-4'-carbethoxy-a-ethyldeoxybenzoin was 
treated with ethyl magnesium iodide to yield the corresponding tertiary 
alcohol, but during the final distillation involved in the purification of the 
isolated product, water was eliminated from the molecule and ethyl 
4-methoxy-a;^-diethylstilbene-4'-carboxylate was isolated in good yield 
and quantitatively hydrolysed to the desired stdbene acid (II). The con- 
version of this stilbene acid into the corresponding acid chloride was 
effected without difficulty with thiohyl chloride and, without isolation, 
the product was treated with diazomethane to give the diazoketo deriva- 
tive which, on warming with glacial acetic acid yielded 4-methoxy-4'-ci>- 
acetoxyacetyl-a:^-diethylstilbene. This compound appeared as a thick oil 
boiling at 208° to 211°C. (bath temperature)/0-l mm. Hg. pressure and 
formed a crystalline 2 : 4-dinitrophenylhydrazone melting at 232° to 
233 °C. Both the ketone and its dinitrophenylhydrazone gave the required 
analytical figures. 

The above compound was treated with ethyl bromoacetate in presence 
of zinc to give the required lactone 4-methoxy-a:^-diethylstilbene-Ao:^- 
butenolide in the form of pale microcrystalline powder melting at 94° to 
95 °C. It gave a positive Legal’s test, and the analytical figures accorded 
with the theoretical requirements. 

Unexpected difficulty was encountered in the attempts made to 
demethylate this stilbene-butenolide and further work is in progress to 
achieve this end and then to convert the demethylated substance into its 
glucoside. 

Preliminary pharmacological examination, for which we are indebted 
to Professor Buttle and Dr. Dyer of the Pharmacological Department of 
this School, indicated that the lethal dose for guinea-pigs was about 
200 mg./kg.; the death was characteristic of the cardiac aglucones which 
suggests that the compound possessed approximately l/IOOO the potency 
o^ strophanthidin. This result is encouraging because it is more than 
probable that the demethylated compound would possess a much higher 
level of activity. Again the conversion of the compound into its glucoside 
would in all probability produce a further increase in activity. This work 
is therefore being continued in order to obtain the glucoside which might 
be expected to exhibit a reasonable level of activity. 

Experimental 

4'-Carboxy-4-methoxydeoxybenzom. 4-Methoxy-4'-cyanodeoxy- 

benzoin- (2-5 g.) was dissolved in glacial acetic acid (20 ml.), sulphuric 
acid (20 ml.) and water (20 ml.) were added and the mixture boiled under 
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reflux for 4 hours. ' The cooled mixture was diluted with water and 
filtered, and the precipitate recrystallised from 60 per cent, acetic acid. 
The acid was obtained in colourless needles. It is slightly soluble ui 
alcohol, ether and benzene, m.pt. 223° to 224'’C. Yield 82 to 85 per 
cent. Found C. 71-0; H, 5-13 per cent.; requires C, 71-11; 

H, 5-19 per cent. 

Esterlficaiion of the acidic group. Hydrogen chloride was passed into 
a boiling alcoholic solution of the acid (2 g.) for 4 hours. The solution 
was concentrated under reduced pressure and the ester, which crystallised 
out, was filtered oS and recrystallised from 90 per cent, alcohol. It 
formed fine white needles, m.pt. 136° to 137°C. Yield 85 per cent. 
Found C. 71-15; H, 6-14 per cent; CisHjsO, requires C, 72-50; H, 6-04 
per cent. The 2-.4-dinitrophenylhydrazone crystallised from benzene- 
light petroleum mixture as red scales, m.pt. 165° to 166°C. Found C, 
60-34; H, 4-00; N, 11-1 per cent. CjiHidSi^Or requires C, 60-00; H, 4-00; 
N. 10-2 per cent, 

4'-Carbethoxy-4-methoxy~a.-ethyldeoxybenzoin. 4'-Carbethoxy*4'meth- 
oxydeoxybenzoin (5-5 g.) was mixed with absolute alcohol (50 ml.) and 
the mixture raised to boiling. A solution of sodium ethoxide (0-5 g. 
of sodium in 10 ml. of alcohol) was added and after 10 minutes boiling, 
ethyl iodide (3 g.) was added and the mixture strongly boiled for 10 
minutes more. Sodium ethoxide solution (0-25 g. of sodium in 6 ml. of 
alcohol) was added followed by ethyl iodide (1 g.). After 2 hours reflux- 
ing, another addition of sodium ethoxide (0-25 g. of sodium and 6 ml. of 
alcohol) and ethyl iodide (1 g.) was made and the whole refluxed for 6 
hours. To isolate the desired compound, the neutral solution was diluted 
with water, acidified with dilute sulphuric acid and extracted with ether. 
The ethereal extract was washed with aqueous sodium carbonate, sodium 
thiosulphate solution and water respectively, then dried over anhydrous 
sodium sulphate. The residue remaining after the removal of ether was 
distilled under reduced pressure. 4'-Carbethoxy-4-methoxy-a-ethyl- 
deoxybenzoin distilled as a pale yellow oil at 220° to 223°C./0-2 nun. 
Hg. pressure. Yield 90 per cent. Found C, 73-9; H, 6-91 per cent.; 
requires C, 73-6; H, 6-61 per cent. 

The 2 -. 4-dinitrophenylhydrazone separated as a semisolid mass which 
could not be crystallised. 

Hydrolysis. The ester (1 g.) was boiled with 10 per cent, sodium 
hydroxide solution (20 ml.) for I hour, when it completely dissolved. 
Treatment of the clear solution with dilute sulphuric acid produced a 
milky precipitate, which solidified into a resinous mass. It was crystallised 
from a mixture of benzene and light petroleum in clusters of thick needles 
m.pt. 125 to 126°C. Found C, 71-93; H, 5-77 per cent.; CisHigOx 
requires C, 72-50; H, 6-04 per cent. 

d’-Carbetbo^'A-metlioxy-a^^-diethylstilbene. An ethereal solution of 
ethyl magnesium iodide prepared from ethyl iodide (17-26 g) and 
magnesium turnings (2-23 g.) in ether in the usual way, was added with 
timng to a solution of 4'-caTbethoxy-4-methoxy-a-ethyldeoxyben2oin 
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(10 g.) in dry ether (100 ml), with continual stirring during the addition 
and for 1 hour more. The mixture, carefully protected from moisture, 
was left overnight and then refluxed for 2 hours. It was then cooled and 
decomposed by means of ice and hydrochloric acid; the oil that separated 
was extracted with ether, the ethereal extract dried over anhydrous 
magnesium sulphate, and the ether then' removed. The residue was dis- 
tilled in vacuo and the fraction boiling at 180° to 183°C/0-2 mm. Hg. 
pressure was collected. It formed a colourless thick oil and its solution in 
carbon tetrachloride decolorised bromine. Found C, 78-4; H, 7-77 per 
cent.; CooHooOa requires C, 78T; H, 7‘71 per cent. 

4-Metlioxy-4'-carboxy-a:p'diethylstilbene. The above ester (5 g.) was 
boiled with a mixture of alcohol (10 ml.) and 10 per cent, aqueous sodium 
hydroxide (10 ml.) for 1 hour. On cooling, the sodium salt of the 
acid crystallised out. It was filtered off and boiled with glacial acetic 
acid (20 ml.), when 4-methoxy-4'-carboxy-a;jS-diethylstilbene separated in 
colourless needles on cooling, m.pt. 175° to 176°C. Yield 96 per cent. 

4-Methoxy-4'-ui-acetoxyacetyl-a:p-diethylstilbene. 4-Methoxy-a:^* 
diethylstilbene-4'-carboxylic acid (5 g.) was dried by heating on a water- 
bath under reduced pressure for 2 hours. The dry acid was converted to 
its acid chloride by refluxing with thionyl chloride (20 g.) for 4 hours. On 
removal of the excess of thionyl chloride, the acid chloride remained as 
a semisolid mass, which was dissolved in ether and added at O'C. to an 
ethereal solution of diazomethane- prepared from 60 g. of nitrosomethyl 
urea®. The mixture was kept at 0°C. for 1 hour, then at room tempera- 
ture for 16 hours. Ether was removed under reduced pressure and the 
crude diazoketone thus obtained, mixed with glacial acetic acid (20 ml.) 
and heated on a water-bath for 2 hours after which no more nitrogen 
was evolved. The mixture was cooled, diluted with ether, shaken with 
water and then with sodium carbonate solution. The ethereal layer was 
separated and dried over calcium chloride; on removal of the ether, the 
ketol acetate was left as a thick oil, which was purified by distillation in 
vacuo. It distilled at 208° to 21 TC. (bath temperature)/0-l mm. Hg. 
pressure. Yield 70 per cent. Found C, 74-00; H, 6-8 per cent.; C 2 ~H 2 r ,04 
requires C, 75-4, H, 7-1 per cent. 

The 2 ; 4-dinitrophenylhydrazone, crystallised from alcohol in the form 
of an orange microcrystalline powder, m.pt. 233° to 234 C. Found C, 
63-60; H, 5-37; N, 10-01 per cent.; C_,oH 3 oO,N 4 requires C, 63-73; H, 5-5; 
N. 10-25 per cent. 

4-Metl\oxy-a\^-diethylstilbene-4'-^a.‘:?'-butenolide. Zinc (2 g.) was 
added to a solution of 4-methoxy-4-(fl-acetoxyacetyl-a:^-diethyIstilbene 

(3 g.) in benzene (20 ml.) and the mixture raised’ to boiling on a water- 
bath. Ethyl bromoacetate (3 g.) in benzene (10 ml.) was then gradually 
added to the boiling mixture with stirring. After 2 hours refluxing and 
stirring, the reaction mixture was cooled and decomposed by means of 
ice and concentrated hydrochloric acid. The benzene layer was separated^, 
washed with water and sodium carbonate solution respectively and dried 
over anhydrous sodium sulphate. After removing the benzene under 
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reduced pressure, the residue was heated on a water-bath under reduced 
pressure for half an hour, then mixed with a 50 per cent, solution of 
hydrohromic acid in glacial acetic acid and heated again for another half 
hour, and finally poured into a large volume of ice-cold water. The 
precipitate that formed was filtered and recrystallised from benzene. It 
formed pale yeUow crystals, m.pt. 94° to 95 °C. Yield 24 per cent. 
Found C, 79-8; H, 6-74 per cent.; C 2 ,H ,403 requires C, 79-31; H, 6-92 
per cent. The compound gave a positive Legal’s test. 
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Belladonna root is defined in the British Pharmacopoeia, 1948, as the 
root, or root and rootstock, of either Atropa Belladonna Linn., or Atropa 
acuminata Royle ex Lindley or a mixture of both species. In the earlier 
parts of this work, it was noted that the xylem of A. Belladonna root 
consists in the main of cellulosic parenchyma and scattered vessel strands, 
whereas in A. acuminata the cellulosic parenchyma is largely replaced 
by lignified fibrous tissue. Inspection of transverse sections of the roots 
of the two species did not indicate any differences in the numbers of 
vessels per unit area, hence it seemed likely that a differential character 
could be based on the ratio of the numbers of fibres to the numbers of 
vessel elements. It was therefore decided to investigate this character 
on both the whole drug and the powder and to adopt the term “ fibre/ 
vessel ratio ” to indicate the number of fibres associated with one vessel 
element. In counting the fibres, it was anticipated that the somewhat 
similar fibre-tracheids might cause difficulty in their discrimination, and 
to avoid this they were included in the fibre count if they exhibited 
elongated simple pits. True tracheids, due to their characteristic elliptical 
pits, are readily distinguished. 

In Part III of this work,^ it was shown that the vessel index provided 
a means of differentiating the powdered drugs, but its application to the 
whole drug was not investigated in detail. It appeared desirable therefore 
to do this also in order to compare the two characters and to assess their 
value when combined in a discriminant function. 

Materials 

Specimens of the whole drug were selected from a number of parcels 
of commercial material obtained from reputable wholesale druggists 
between 1940 and 1945, and supplied as either “ English Belladonna 
root ” or “ Indian Belladonna root.” Ten specimens of each variety 
were selected, ranging in diameter from the narrowest to the rvidest in 
the material and including examples at all the stages of xylem development 
present. The wider of these specimens consisted of both root and root- 
stock, and the narrower of root only. They were numbered 1 to 10 in de- 
creasing order of diameter, which order corresponded approximately with 
their age, the widest specimens of either variety being about five years old. 

The powdered material consisted of six samples of commercial powder, 
coded ABl to AB6, supplied as A. Belladonna and five coded Aal to Aa5, 
supplied as “ Indian Belladonna.” This was the same material as that 
used for the determination of the vessel index and the cork cell number 
reported on in Part III of this work,i in Table I of which fuller details 
appeared. 



THE HISTOLOGY OF BELLADONNA ROOT. PART 
A.— The Whole Drug 

Number of observations. Since the fibres are more numerous than the 
vessel elements, it was found convenient in practice to count the number 
of the latter associated wth groups of 10 fibres. To detenmne the 
minimum number on which the ratio should be based m order to obtain 
aood aexeement between successive results, one root of each species 
mken at random from the commercial drug was examined and the number 
of vessel elements associated with a total of 400 fibres determined in 
each case. The range of successive results based on count of 100 fibres and 
200 fibres was respectively about 8 per cent, and 4 per cent, of the mean. 
Subsequent work was therefore based on a minimum count of 200 fibres. 

Variation in the whole drug. The 10 roots of each species were softened 
by soalang in dilute alcohol and cut into 5 approximately equal lengths, 
•which were numbered I to 5 from base to apex or crown. The entire 
portion, or a longitudinal sector according to the bulk, was disintegrated 
separately by means of Schultz's maceration fluid, following the method 
described below. The fibre/vessel ratio was calculated from observations 
of the number of vessel elements associated with 200 fibres ; at the same 
time, and using the same microscopical preparations, the vessel index 
135^^ (i.e. the percentage of vessel elements wider than 135/^) was also 

detemuned. SusaiARY of Results 

The values of the fibre/vessel ratio for the whole drug are given in 
Table L and of the vessel index 135/i in Table II. The ranges of the 
positional values of the fibre vessel ratio are : A. Belladonna, 0-89 to 

1- 79 to 4-28 to 7.69, mean 3-04, standard deviation, T25 ; A. acuminata, 

2- 35 to 2-20 to 8-79 to 18-18, mean 5-49, standard deviation 3-29. For 
the vessel index 135^^, the corresponding ranges are ; A. Belladonna, 
0 to 1-42 to 7-14 to 10-07, mean 4-28, standard deviation 2-86 ; A. acu- 
minata, 6-37 to 8-58 to 22'30 to 27-74, mean 15-44, standard deviation 
6-86. The ranges of either character thus show a not inconsiderable 
overlap so that complete difierentiation of the whole drug is not possible 
by these means. Fisher has shown that, in cases such as this, an im- 

TABLE I 

Fib re/ VESSEL ratio — variation in the whole drug 


Spends 


A Belhdoryza 


A. ccumnata 


Root 

No 


Position 


1 


S 

9 

10 


1 :9 
2-99 
1 2.^ 
3 77 
0S9 
225 
1 55 

\ S7 


1-62 
2-90 
^77 
3 70 

1 '5 

2 ”’7 
1*92 

3 51 
225 
2-94 


1 75 
3 70 

3 70 
^55 

1 32 

2 70 
•* 25 

4 55 

2- 99 

3- C3 


non 


2 27 

3 23 
3 70 
•4 3$ 
I 74 

3 13 

2- 47 

4 26 
^ 13 

3- 03 


2-63 
4 76 
4-05 
7-69 
I 30 
£-94 

3 23 

4 5f 
325 
5SS 


Root 

Mean 


1- 93 

3 50 

4 SI 

1 -44 

2 - 66 
22S 
4-03 

2 70 
7 51 


Position 


2-62 3T>5 3 p. 40? 34)3s 


I 

2 

3 

- 

5 ‘ 

5 26 

6-06 

625 

690 

7-69 : 

S-00 

30 *^3 

10 53 

12 50 

12 50 

S6 

3S5 

3 55 

5SS 

5 56 

6-i5 

10-00 

11 n 

U29 

IS IS 

2 60 

2 35 

2S6 

4-44 

4-OS 

2-99 

2SS 

3 12 

3 12 


2 #4- 

3-CS 

3 57 
A-00 

2-94 
4 65 

'^57 

5-00 

2 53 
5 71 

260 

3-03 

3 51 

3 45 

3 57 

3 64 

5 26 
2S6 

5 56 
3 70 

3-96 

5-02 

525 

6 3S 

6 S6 


Root 

Mean 


6 43 
10 SI 
V 40 
12-01 
327 
3-03 
3-07 
4 49 
4 10 


5-494 
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provement may result from the use of a discriminant function X, which 
is a linear compound of the available measurements, i.e. X=AiXi+A 2 X 2 , 
the constants A^ and A, being chosen so as to maximise the ratio of the 
difference between the specific means to the variance xvithin the species. 


TABLE II 

135 /i Vessel index — variation in the whole drug 


Species 


A 

Belladonna 




A. acuminata 


Root 

No. 


Position 


Root 

j 

Position 


Root 

• 

1 

2 

3 

4 

5 

Mean 

> 

1 

2 

( 3 

1 

1 

4 

5 

Mean 

1 

3-85 

3-10 

2-72 

M9 

1-19 

2*42 

21-38 

24-47 

26-04 

27-11 

27-74 

25-38 


7-41 

8-76 

8*42 

8 09 

a 09 

815 

10-07 

10-40 

9-75 

10-71 

11-34 

I0-4S 

3 

602 

6-72 

7-41 

8-76 

8-76 

7-53 

1007 

12-28 

11-98 

14-09 

14-97 

12-68 

4 

1-96 

2-72 

■OTil 

3*85 

4-22 

3-17 

13-79 

16-39 

16-67 

16-94 

11 -^ 

15-03 

5 

3-10 

3-10 

3-10 

3*10 

3-85 

3-25 

15-25 

16-94 

18-57 

19-87 

23-08 

18-74 

6 

0-79 


1-58 

M9 

1-96 

1*26 

20-64 

23-31 

23-78 

24-93 

25-37 

23-61 

7 

706 

7-41 

8-09 

1007 


8-54 

17-76 

21-88 

23-78 

25-81 

27-74 

23-39 

8 

1-96 

1-96 

2*72 

3-47 

3-47 

2-72 

6-37 

6-72 

6-72 

6-72 

8-42 

6-99 

9 

4-22 

4-58 

4-38 

5*30 

6-02 

4-94 

9-09 

9-75 

10-07 

10-07 

10-40 

9-88 

10 

0 40 

M9 

040 

0 00 

1-96 

0-79 

7-06 

7-41 

8-09 

8-76 

10-07 

8-28 

Position 






mam 


■■■ 





Mean 

3-68 


4-21 

4-50 

4-96 

4-277 II 






15-439 


Accordingly, the discriminant function combining the positional fibre/ 
vessel ratio and the vessel index values in Tables I and II was calculated. ’ 
The calculation followed the method detailed by Mather^ with the result 
X= 0 - 004431 xi+ 0 - 004760 x 2 , where Xj and Xa are the vessel index and 
fibre/vessel ratio values respectively. For convenience in practice, a new 
function X^=225-6832X was employed, i.e. X^=vessel index+1-074 
fibre/vessel ratio. The results are given in Table HI and discussed later. 


B. — The Powdered Drug 

Preliminary. Before the fibre/vessel ratio can be determined on the 
powdered drug, the method as applied to whole roots needs modifying 
to allow for the presence of broken elements. Accordingly, portions of 
two samples of commercial powdered Indian belladonna root, Aal and 
Aa2, were disintegrated and used for this preliminary work. 


' TABLE III 

Values of X'= vessel index + 1 ’074 fibre/vessel ratio for the whole drug 


Species 


A. Belladonna 


A. acuminata 


Root 

No. 


Position 


Root 

Mean 

i 

Position 

1 5 

Root 

Mean 

1 

- 

3 

4 

1 ^ 

2 

. 3 

1 ■» 

1 

5-34 

4-84 

4-60 

3-55 

1 4-02 

4-47 

27-03 

1 30-98 1 32-75 

1 34-52 

! 36-00 

1 32-26 

2 

10-62 

11-88 

12-39 

11-56 

13-20 

11-93 

18-66 

21 -7] 

121-06 

124-14 

' 24-77 

1 22-07 

3 

8-44 

10-77 

11-38 

12-73 

13-14 

11-29 

13-14 

16-4] 

! 16-11 

1 20-41 

20-94 

17-40 

4 

6-01 

6-69 

7-99 

8-52 

12-48 

8-34 

20-72 

27-13 

1 28-60 

32-29 

30-87 

27-92 

5 

4-06 

4-55 

4-52 

4-97 

5-89 

4-80 

18 04 

19-46 

121 -64 

24-64 

27 46 

22-25 

6 

3-21 

3-23 

4-48 

4-55 

5-12 

4-12 

23 -SS* 

26-38 

I 27-13 

28-28 

28-68 

26-86 

7 

8-73 

9-47 

10-51 

12-72 

13-54 

10-99 

20-70 

25-71 

1 26-94 

29-64 

30-46 

26-69 

8 

5-48 

5-73 

7-61 

8-05 

8-36 

7-04 

9-68 

11-02 

1 11-71 

12-09 

14-55 

11-81 

9 

6-23 

7-00 

7-79 

8-66 

9-54 

7-84 

11-88 

13-52 

1 13-90 1 

15-72 

16-37 1 

14-28 

10 

3-19 

4-35 

3-71 

3-25 

8-28 

4-56 

10-31 

11-12 

12-00 

11-83 

14-04 ( 
1 

11-86 

Position 

Mean 

6-13 

f 

6-85 

7-50 

7-86 

9-36 

7*538 

17-40 

20-34 

21-18 j 

23-36 I 

24-41 1 

21-34 
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Three methods of assessing the numbers of whole elements eqmvalent 
to the fragmentary ones appeared worthy of trial. These were b^ed on . 

(1) measurement of the total length of the fragments and dmsion by 

the mean whole element length of the sample ; 

(2) counting the numbers of fragmentary elements and multiplying by 

a factor equivalent to the ratio of the mean fragment length to 
the mean whole element length ; 

(3) counting the fragmentary elements as whole ones according to a 

predetermined convention. 

Method (1). The mean lengths of the broken elements based on oO 
measurements were found to be : — ^fibre fragments — in-S}i ; vessel 
element fragments— 184-5/i. Three slides were examined for each sample, 
the numbers of whole elements being counted, and the lengths of the 
broken elements in the same fields determined with the aid of a camera 
lucida. Results are incorporated in Table TV. 


TABLE rv 


Santp’c 

A. 

flcumirota. 

Aal 

A. 

acumuiata. 

Aa2 


Fibres 

Vessels 

j Ratio 1 

1 Rbtes 

! 

Vessels 

1 

1 

j Ratio 



579 

i 

7020 

* -54 

i 

\ 

E<iui\*aIeQt tmcibcr ^bo^c 

9 5 

3 1 

3 1 

1 

30 9 

i 4 9 

i 

Counted number \srhole 


23 

fm 

IS9 

! 

30 

1 

. 6 3 

1 

Total as u-hole 

ISI-5 

26-1 

* 5 8 

j 219 9 

1 34-9 

1 

6*3 


Method (2). The three slides of each sample svere re-examined and 
the numbers of whole and broken elements counted. The mean length 
of the vessel elements has already been recorded for the whole drug®, 
viz. 252{i, hence the factor by which the number of fragments should 
be multiplied to estimate the equivalent number of whole elements is 
184-5/252=0-732 which can be approximated to J. The mean length 
of the fibres (including fibre-tracheids as described above) was estimated 
as 450fi, hence the corresponding factor is 227-5/450=4, approximately. 
Results are mcorporated in Table V. 

Method (3). For this method, the following convention was adopted. 
Broken fibres were counted as whole if they tapered tonmds both ends, 
otherwise they were ignored. Broken vessel elements were counted as 


TABLE V 


Sample 

A. 

ociumnara. Aal 

A 

coiminata 

Aa2 


Fibres 

Vessels Ratio 

Fibres 

, Vessds 

1 

\ Ratio 

1 

Number of fragments 
Eqia\-a!eat numbers hole 

394 

197 

lOS 

T9 2 5 

587 

294 

125 

94 

i 

1 

1 " ' 

Counted rurater whole 

240 

39 6 1 

399 

6S 

! 

1 

Total as Vibo^e 

437 

, ns 3 7 

{ 693 

1 

i 

' 162 

1 ^ 
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whole if they exhibited portions of the perforation rim at both ends ; 
if visible only at one end, they were counted as half ; all other fragments 
were ignored. The number of such vessel elements associated with 300 
such fibres was determined on the three slides of each sample examined 
previously. The fibre/vessel ratios were Sample Aal, 6-25 ; Sample 
Aa2, 6-67. 

The relative merits of the three methods were now considered before 
proceeding with the examination of the powdered drug. The standard 
by which they may be compared is the value of the fibre/vessel ratio 
obtained from counts of the whole elements only. This value is reason- 
ably consistent for the first two methods, having regard to the relatively 
small numbers of elements on which it is based. The results for sample 
Aa2 by method (1) show that this method is capable of giving consistent 
results, but the process of measuring the broken elements is tedious and 
does not recommend itself in practice owing to the time involved. Method 
(2) does not suffer from the latter disadvantage, but the results do not 
suggest that an accmrate estimate of the fibre/vessel ratio could be obtained 
in this way. The results obtained by method (3) are consistent with those 
obtained by counting whole elements only and the process is simple to 
apply in practice. Moreover, the number of elements that can be observed 
in a given time is much larger than that possible by method (I), thus 
reducing variation due to random effects. Having regard to the above con- 
siderations, it was decided to adopt method (3) for the subsequent work. 

Variation with the fineness of the portion examined. Powdering causes 
some destruction of individual cells and it is necessary to determine 
whether the action is selective on either the fibres or the vessel elements. 
Powder samples Aal and AB3 were therefore passed through a series 
of standard sieves and the fibre/vessel ratio determined on the portions 
retained by each sieve. 

TABLE VI 

Variation of the tibre/vessel ratio in portions of the powder of varying 


HNENESS 


Sieve Number 

10 

22 

25 

30 

36 

44 

60 

85 

Sample 

AB.3 

— 

5-5 

5-3 

4-0 

3-9 

4 0 

1 4-2 

3-9 

Number .. j 

Aa.l 

8-5 

7 3 



6-4 

5-5 

5-3 

4-8 


From these results it is seen that the fibre/vessel ratio decreases with 
increasing fineness of powder and that the decrease is not large over 
the 25/44 range. Portions No. 60 and 85 contained a high proportion 
of broken elements and counting was correspondingly difficult. In view 
of this and also of that fact that the No. 22/44 portion had been employed 
previously^ for vessel index determination, it was decided to employ the 
latter portion for subsequent work on powders. 

Details of the method. About 1 -0 g. of the 22/44 portion of the com- 
mercial powder was boiled gently with 30 ml. of Schultz s maceration 
fluid for about 10 minutes or untff particles ceased to float on the surface, 
sufficient potassium chlorate being added meanwhile to maintain a steady 
evolution of chlorine. The macerated materia' — nn p 


160 











THE mSTOEOGY OF BELLADONNA ROOT. PART W 

sintered dass filter, washed with water, transferred to a test-t^e 
w-ith about of 'ivater and disintegrated by vigorous shaking. The 

fluid containing a trace of thymol as preserr-ato e. Shdes n ere prepar^ 
bv further dilution such that each scan contained about 20 fibres and the 
fitewSXco calculated from obaemtim of 4c butabct cf vcs* 

cicmcats associated aith 300 Sbres. ill “"““j’ 

including broken elements in the count as desenbed above (method 3) 

was adopted. Counting was done using a 1/6 m. objeem^ and a xb 

evepiece, and the whole slide covered systematically vath the aid ot a 

mechanical stage. Elements intersected by the field of \'iew, but lying 

more than half witlun it, were included in the count, otheruase they were 

isnored. 

Summary of Results 

The values of the fibre/vessel ratio for commercial powders are ^ven 

in Table VH. The ranges are 

A. Belladonna, 2.30 to 4.55, mean 3.91. 

A. acuminata, 6.54 to 12.05, mean 8.66. 

These ate distinct and the ratio is thus a good differential 

character for the powdered drugs. The values for samples Aal and Aa2 
are slightly higher than those obtained in the preliminary work, which 
may be accounted for by the fact that they relate to the 22/44 portions, 
whereas the preliminary work was done on the unsieved powders. 

TABLE VH 

Fibre/%’essel ratio for conuiercial ROmaERS— 22/44 portion 


A. A. ocum^ata 


Cods Number 


Fibm/s-cssd 

taUo 

Code Number 

HbreNtssel 

raiio 

AB.l 


4-07 

Aa.l 


6-54 

AB.2 


4-29 

1 AsJ. ... 


7-0 

AB.3 


3‘9l 

‘ ^-3 


S-R5 

AB4 


4'55 

•Aa.4 

... 

12-05 

AB.5 


2 35 

•Aa.5 


8'S5 

AB.6 ... 


2-30 



] 

Mean 

... 

3-91 

Mean 



j S-65 


* 44/60 portion. 


Discussion of Results 

The analysis of variance. Table VIII, for the fibre/vessel ratio deter- 
minations on the whole drug shows that the difference between the species 
is not very significant and hence the differential value of the character 
when applied to the whole drug is limited. The variance vithin the 
species A, Belladonna is contributed to almost equally by positional 
variation \rithin the roots and by differences betu'een them, while in 
A. acuminata root differences are more important. The increase in 
positional "values from the base tou'ards the apex of the roots is fairlv 
u^orm and the values at the mid-points approximate to the root means. 
The cntical value for classif^ng whole roots is 4-27, i.e. half the sum 
of the specific means, and the expected proportion misclassified on the 
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basis of a value determined at one position taken at random, as calculated 
from knowledge of the normal deviate, is 32 per cent. The ranges for 
the root means are A. Belladonna 1-44 to 4-8 ; A. acuminata, 3-03 to 
12-01, but little improvement in classification results from their use. 
However, it may be considered that values less than about 2-0 indicate 


TABLE VIII 

Analvsis of variance in Tables I and II 


Character 

! 

Species 

1 Source 

1 

Variance 

Degrees 

of 

Freedom 

Sum 

of 

Squares 

Mean 

Square 

Variance 

Ratio 

Variance 

Ratio 

P=0*01 

Fibre/vessel 

ratio 

yf. Belladonna 

Roots 

Positions 

Error 

1 36 

46-97 

18-65 

10-59 

5-22 

4-66 

0-29 


3-1 

3*9 



Roots 1 

9 

486*34 

54-04 

' 31*4 

3-1 


A. acuminata 1 

Positions 

4 

52-87 

13*22 

7*7 

3-9 



Error | 

36 

61-91 

1-72 





' Species i 

I 

' 150-82 

150-82 

21-8 

7-0 



Error 

98 

677-33 

6*91 





: Roots * 

9 

. 368-51 

40-95 

63-8 

3-1 


A. Belladonna 

Positions ' 

4 

9-38 1 

2-35 

3-7 


Table n 


Error 

36 

23-10 1 

0-64 1 





Roots 

9 

2126-68 

236-30 , 

99-5 



A. acuminata 

Positions ) 

4 

92-08 1 

23-02 

9-7 




Error 

1 

36 

85-52 1 

2-38 1 





Species * 

I j 

3115-10 1 

3115-10 ! 

117*1 




Error 

) 

98 J 

2705-27 j 

27-60 1 


MB 


A. Belladonna and greater than about 8-0 A. acuminata, intermediate 
values being inconclusive. In this connection, however, the fact must 
also be taken into account that the specimens of the whole drug were 
selected on a basis of diameter and development of xylem and were not 
taken at random. Reference to the results for commercial powders 
shows that the mean value of 8-66 for the A. acuminata material is con- 
siderably higher than that for the whole drug 5-49, indicating that speci- 
mens with high fibre/vessel ratios form the greater part of the drug from 
this species. Thus the misclassification rate of 32 per cent, may be 
unduly high when applied to specimens taken at random from the com- 
mercial drug. 

The values of the vessel index for the whole drug also increase from 
the base towards the apex of the root, but the analysis of variance, Table 
VIII, shows this effect to be unimportant compared with that due to 
differences between the specimens. The difference between the species 
is highly significant, so that the vessel index is valuable for differentiating 
the whole drug. On the basis of a single determination, the expected 
misclassification rate is about 15 per cent., the critical value being 9-86 
and if the root means are used this proportion is reduced to about 
10 per cent. Inspection of the results in Table U does not suggest any 
close coimection between the vessel index and the age of the specimen 
in A. Belladonna although in A. acuminata the, values for the younger 
roots numbers 8, 9 and 10 are considerably lower than the mean of the 
other seven. The ranges for the root means, A. Belladonna 0-79 to 8'54, 
A. acuminata 6-99 to 25-38, are not inconsistent with those for another 
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selection of specimens leported on in Part IH of tMs 
A. Belladoma 0-3 to 16-02, mean 6-9 ; A. acuminata 5-0 to 43;58, m^n 
19-87. Thus values of less than about 5 may be taken as indicating 
A. Belladonna and greater than 16, A. acuminata. , , , 

Comparison of the mean values of the vessel index and the fibre/vessel 
ratio for specimens of the whole drug suggests there is little correlation 
between them. This is borne out by the low correlation coefficients 
calculated ftom the data in Tables I and H, which are :—A. Belladonna 
0-6, A. acuminata -0-15. The two characters may thus be consider^ as 
vai^g independently of one another. Their combination in a linear 
function yields a discriminant with a critical value for classifying purposes 
of 14-44 and an expected misclassification rate of 12 per cent. This is 
a considerable improvement on the figure of 32 per cent, for the fibre/vessel 
ratio, but is very little superior to that of 15 per cent, when the vessel 
index is used alone. For this reason, use of the discriminant for other 
than borderline cases would not be justified. 

The variation of the fibre/vessel ratio in the whole drug is not re- 
produced in the commercial powder owing to the thorough mixing of 
the elements on which it is based. Thus the values for commercial 
powders vary within narrow limits and, since the ranges for the tw'o 
species are distinct, the fibre/vessel ratio provides a valuable character 
for their differentiation. 


Smc.tARY AND Conclusions 

1, The term “fibre/ vessel ratio” is ‘adopted to signify the number 
of fibres (including fibre-tracheids exhibiting elongated simple pits) 
associated with one vessel element. 

2. Consistent results are obtained when the fibre/vessel ratio is 
caleulated from the number of vessel elements associate with not less 
than 200 fibres. 

3, The variation in the whole drug of the fibre/vessel ratio and of 
the vessel mdex 135fi is investigated and their value as differential 
characters assessed. 

4. Neither character is completely successful in differentiating the 
whole drug,, but some improvement results by combining them in a 
linear function. 


5. A method of determining the fibre/vessel ratio on the powdered 
drug is described. 

6. The fibre/vessel ratio of commercial belladonna root powders 
decreases with the fineness of the portion examined, but is reasonablv 
constant for the portion retained between a No. 22 and No. *44 sieve. 

values for commercial powders provide a means 
of diff^ntiatmg the species from which they were prepared. 

. commerdal powders examined are :~A. Bella- 

donna 2-30 to 4-55 ; A. aamiinaia 6-54 to 12-05. 


1 . 

2 

3. 
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action of khellin and of the glycoside (which he respectively called 
visammin and khellinin) and found that khellin increases the flow of 
urine and causes a relaxation of the visceral plain muscles. The interest 
in the crystalline constituents of Ainini Visnaga has been recently re- 
vived as the result of the demonstration by Anrep, Barsoum, Kenawj' 
and Misrahy^® that kheUin causes a conspicuous dilatation of the 
coronary blood vessels without much affecting the systemic circulation. 
The interest in the substance was further stimulated by the promising 
results of the clinical observations upon the effect of khellin in the 
anginal syndrome (Kenawy and Barsoum’^, Anrep and et Ayyad'^). 

Salama^'* showed in animals and man that none of the crystalline prin- 
ciples of Ammi Visnaga exerts a diuretic action, the increased formation 
of urine being entirely due to the fluid taken in the form of the decoc- 
tion. 

Samaan^®’^® ascribes the coronary vasodilator action of Ammi Visnaga 
not to khellin, but to the glycoside, which, according to him, causes in 
concentrations of 1 in 25,000 and even 300,000 a conspicuous increase 
of the coronary outflow of the isolated perfused rabbit’s heart. In 
experiments in which an artificial spasm of the coronary blood vessels 
was induced by barium chloride, administration of the glycoside was 
stated to cause sometimes as much as a twelve-fold increase of the 
coronary outflow. On the other hand, according to Bagouri^% the 
glycoside, even when used in high concentrations, exerts no action on 
the coronary vessels of the perfused heart, the coronary vasodilatation 
being entirely due to khellin. 

It follows from the above that further research is required before a 
proper assessment of the pharmacological potency of the different 
crystalline principles of Ammi Visnaga can be made. We, therefore, 
undertook to investigate the comparative action of khellin, of visnagin, 
of the glycoside and of their derivatives by quantitative methods. 

Methods of Preparation 

The three natural crystalline substances of Amt}ii Visnaga, khellin, 
khellol glycoside and visnagin were prepared according to tlie method 
devised by Spath and Gruber. The substances were repeatedly crystal- 
lised from methyl alcohol and other solvents until their respective melting- 
points reached the maximum values given by the Austrian observers 
and did not change by further recrystaUisation. The purity of the final 
products was controlled in the Pharmacognosy Laboratory and in the 
Faculty of Science of this University. The fission products, khellinon, 
visnaginon and khellol were obtained by the action of acid and alkali 
as recommended by Spath and Gruber. The purification of these sub- 
stances presents no difficulty since they easily crystallise from methyl 
alcohol and give sharp melting-points, 100°C. for khellinon, 110°C. for 
visnaginon and ITP^C. for khellol. 
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The Colorimetric akd the Biological Assay of the Crystalline 
Principles of Armii Visimga 

Colorimetric assa>-:— The moderately stable pink coloration which 
khellin gives, as discovered by Fahmy and El-KeiyS in contac wi 
solid sodium hydroxide, served as the basis for the colonmetnc assay of 
khellin and of visnagin. For quantitative work we used a saturated solu- 
tion of potassium hydroxide and a 0-5 millimolar standard solution o 
khellin in water (0-13 mg. of khellin per ml.). Addhion of OT ml. of 

the khellin solution to TO ml. of 
saturated potassium hydroxide 
solution gives an intensity of colour 
suitable for work with a sensitiye 
colorimeter of the ordinary type or 
with a photoelectric colorimeter. As 
has already been shown by Fahmy, 
this method is less suitable for the 
estimation of the glycoside, which, 
in presence of strong alkali, gives a 
very unstable cherry-red colour. 
The products of acid and alkaline 
hydrolysis of the three natural sub- 
stances give no pink coloration in 
presence of strong alkali. 

Biological assay : — ^The biological 
method of assay used in this work 
was originally devised by Barsoum 
and Gaddum^® for the estimation of 
adenosine. As a test object they 
used the rectal c$cum of the fowl suspended in Tyrode’s solution in a 
bath 5 ml. in capacity. We find that the rectal caecum can be satisfactorily 

used also for the comparative assay 
of the active principles of Aiimii 
Visnaga. With sensitive prepara- 
tions it is possible to make the assay 
with an accuracy of about 10 per 
cent. Figure 1 shows the reaction 
of the rectal caecum to gradually 
increasing doses of khellin which, for 
this purpose, was dissolved in 
Tyrode’s solution. An average pre- 
paration of the rectal crecum is sensi- 
tive to about 2 11 °. of khellin, i.e., a 
concentration of khellin in the 
10 . Figure 2 shows that repeated administration of the 
same dose of khelbn gives the same degree of relaxation of the rectal 
ciccum. and Figure 3 serves as an example of a comparative assay of 

Msnagin and of khellin showing that visnaein is about 30 per cent less 
active than khellin. ^ ^ 



Fig. 1 Responsfe of the rectal cacum 
of the fowl to gradually increasing 
doses of khellin. The amounts 
administered ate shown ra 





Fig. 2 Regular response of the rectal 
cscum to alternate doses of 3‘0 and 
5 0 i>g. of khellin 


bath of 2*5 


167 



G. V. anrep, g. s. barsoum and m. r. kenawy . 

Table I gives the results obtained with the three natural substances 
and with the products of their hydrolysis. The results of the colori- 
metric and of the biological 
assays given in Table I are 
means of not less than 50 separ- 
ate estimations of the 3 natural 
substances and of their deriva- 
tives. Usually only 2 or 3 sub- 
stances were assayed on one 
rectal caecum. Before adminis- 
JO fig- 10 fig. 15/ig. lo^g. 7 fig. 10 fig. tration, the solutions were 

Visnagin Khellin Visnagin Khellin Visnagin wanned' to the temperature of 

Fro. 3. Comparative assay of khellin and containing the caecum, 

of visnagin on the rectal cacum of the The doses of the substances were 
fowl. The amounts of the two substances such as to cause 30 to 50 per 
a ministere are given in fig. maximal relaxation 

of the intestinal muscle, which is the range of maximal discrimination 
of the preparation. 

TABLE I ' 

Colorimetric and biological assays of khellin, of visnagin, of khellol- 

GLYCOSIDE AND OF THE PRODUCTS OF THEIR HYDROLYSIS. ALL THE SUBSTANCES 
WERE PREPARED IN O'S MILLIMOLAR SOLUTIONS AND KHELLIN WAS TAKEN AS THE 
STANDARD FOR THE COMPARISON 





Equivalent doses in fig. 

i 

Khellin 

m.pt.l54‘'C 

Visnagin | Glycoside 
m.pt.l44*Cra.pt.l75’C 

Colorimetric assay 

10 

14-5 

1 pot 
! tested 

Standard deviation 

— 

0-5 


asssy ... ... ... | 

10 1 

1 

’ oyer 300 i 

Standard deviation I 

1 

0-6 1 

- 1 


Percentage of activity in relation to that of Khellin 
! 100 f 66 I traces I 33 



Table I reveals the following points of interest : 

(1) Colorimetric and biological assays show that the monomethoxy > 

derivative, visnagin, is about 30 per cent, less active than the 
dimethoxy derivative, khellin. The agreement between the colori- 
metric and the biological assays is extremely satisfactory. 

(2) Khellinon, the alkali-split product of khellin, loses its colour re- 

action, but partially retains its power to relax the smooth muscle. 
Biologically, khellinon is about one third as active as khellin. 

(3) The biological action of the glycoside, as tested on the rectal 
emeum, is not less than 30 times weaker than that of khellin. In 
fact it is questionable whether it has any action at aU. 

(4) Khellol, the product of acid hydrolysis of the glycoside, shows a 

considerably greater activity than the mother substance. Ap- 
parently the substitution of the glycoside radical by the hydroxyl 
group partially unmasks some of the latent activity of the rest 
of the molecule. 
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(5) . Khellol is a monomethoxy derivative which differs from visBagin 

by containing a hydroxyl group. This difference is sufficient to 
cause a conspicuous diminution of the activity of khellol as 
compared with that of visnagin. 

(6) Visnaginon, similarly to khellinon, gives no colour reaction. Its 

biological action is about 30 per cent, weaker than that of 
khellinon.. 

The action of khellin on the rectal caxum is considerably weaker than 
that of adrenaline, 4 /^g. of khellin being approximately equivalent in 
action to 0-01 fig. of adrenaline chloride. Khellin is. however, about 12 
times more effective than atninophyUine. The rabbit’s uterus is also 
relaxed by khellin, especially when it has previously been contracted by 
administration of adrenaline, showing that khellin acts directly on the 
plain muscle and not on the sympathetic nerve endings. 


The C0MPARA.TIVE Action of Khellin, of Visnagin and of the 
Khellol Glycoside on the Coronary Circulation 
At the time when Anrep and et made their observations upon the 
coronary vasodilator action of khellin in the heart lung preparation, the 
existence of the related monomethoxy compound, visnagin, was not yet 
known. So far, visnagin does not present much interest from the prac- 
tical point of view, since it occurs in the fruit of Ammi Visnaga in very 
small amounts. However, in the future it might possibly be prepared 
synthetically. From the theoretical point of view it presents a greater 
interest because a comparison between visnagin, khellin and the glycoside 
might throw a light on the relation between the action of these sub- 
stances and their molecular structure. The comparison of the action 
of khellin and of the glycoside on the one hand and of khellin and of 
visna^ on the other, was made on the standard heart-lung preparation 
on dogs by collecting the blood through a coronary sinus cannula. A 
few typical experiments, selected from amongst many others, are suf- 
ficient to illustrate the action of these substances. 

Experiment 1. Heart-lung preparation; systemic output 650 
ml. /minute; aortic blood pressure 120 mm. Hg. For about 20 minutes the 
coronary outflow remained constant at 42 to 44 ml. /minute. After a 
gradual administration of 40 mg. of the glycoside the coronary blood flow 
remained unchanged. Administration of 5 mg. of kheflin increased it to 
59 ml./minute; after another dose of 5 mg. of khellin the flow increased 
to 90 to 95 ml./minute. The total amount of blood in circulation was 
about 800 ml. 


Experiment 2. Heart-lung preparation; output 500 ml./minute; aortic 
blood pressure 120 mm. Hg. The outflow of blood from the coronarj' 
sinus remained constant for over 15 minutes at 58 to 61 ml./minute. 
4 doses of the glycoside, 20 mg. each, were administered at intervals of a 
tew minutes; 80 mg. in all. The coronary blood flow remained unchanged 
although the drug was allowed to circulate for several minutes. Adminis- 
100 of khellin rapidly increased the coronary blood flow to 

700 ™ of blood in circulation was about 
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Experiment 3. Demonstrated to the Cairo Clinical Society. Heart- 
lung preparation output 450 ml./minute, arterial blood pressure 130 mm. 
Hg. The outflow from the coronary sinus was 51 ml./minute. On 
administration of 45 mg. of the glycoside the coronary outflow remained 
the same. After administration of 15 mg. of khelhn it increased to 250 
ml./minute. The amount of blood in circulation was about 500 ml. 

The action of khellin was extremely prolonged, the coronary blood 
flow remaining increased to the end of an experiment. In this, the 
effect of khellin greatly differs from that of amyl nitrite. 

In some of the experiments the action of khellin on the coronary 
blood flow was more and in others less conspicuous than in the above 
examples. As regards the glycoside, no coronary vasodilator action 
could be demonstrated in the heart-lung preparation, even though its 
concentration was increased to lOO/ig./ml. 

We were also able to confirm the observation of Bagouri^', who found 
that systemic blood vessels are much less sensitive to the vasodilator 
action of khellin than coronary blood vessels, and that the glycosi e 
caused no coronary dilatation in the perfused rabbit’s heart. 

The glycoside, since it has no action on the coronary blood vesse , 
could be administered together with khellin in the same heart-lung pre- 
paration. This is not possible when comparing the action of Imellin 
with that of visnagin. Both are coronary vasodilators, the action o 
which persists for a very long time. The action of the two drugs was, 
therefore, studied on two separate preparations which were to 
work in, as nearly as possible, the same experimental conditions, toe 
type and the weight of the dogs used for the two preparations were 
the same; the arterial blood pressure, temperature and the output o 
the heart were respectively maintained at the same levels, an e 
hearts usually did not differ in weight by more than 5 g. In 
these precautions, the individual variations of the coronary sinus ® 
were too large to permit of a definite conclusion as regards the rdati 
action of the two drugs. The observations made on the r^tal^cum 
would suggest that visnagin might possibly be ^ " arate 

coronary vasodilator than khellin. Observations made ^wo seg 
heart-lung preparations are not, however, sf^ciently a^urate to^J^ 
this conclusion. As compared with aminophylhne the ^cbon of kh 
on the coronary circulation in the heart-lung preparation is 4 to 6 tune 

stronger. 

Observations on the Alimentary Tract in situ 

The experiments were made on dogs of 7 to 9 kg. weight, m«he,W 
with chloralose, sodium luminal or nembutal. 3 q j 

onened by a median incision and a loop of the jejunum, about 30 o 
openea oy a between two ligatures. A wide cannula 

r?nse“e‘rgm leh »d oJ__.he loop.^ ^e - 
'reorder.’' xS'tonel. Bled with saline solution, was kept at 
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a suitable height, sufficient to fill but 

The contmctious ot the loop were tecoided on a drum. lutmwnous 
Motion of khelliu in doses of S to 10 mg. caused a rapid and OT- 
^“ous relaxation of the intestinal loop, the rhythmrc movements being 



/ 






\ 


'^Vi, 




Fig. 4. Dog 10 kg Left, effect of intra\enous injection of 10 rag. of khellin on the 
intestinal movements recorded as described in the test. Right, 20 minutes later. 
Time in 10-second intervals. 


reduced in rate and in strength. The relaxation of the intestine follow 


ing administration of khellin w; 



Fig 5. Dog 9 5 kg Effect of injec- 
tion of 20 mg. of khellol glycoside on 
the intestinal movements. Times in 
10-sccond intervals The intestine was 
slowly relaxing before the injection 


extremely prolonged, the recoverv' 
being slow and usually incomplete 
even after 1 to 2 hours. Figure 4 
shows the effect of administration of 
khellin on the intestinal movements 
in the whole animal. Khellol 
glycoside even in greater doses 
caused no relaxation of the intestinal 
loop and no diminution of the 
rhythmic contractions (Fig. 5). In 
some experiments injections of the 
glycoside were followed by an in- 
crease of the intestinal tone. 

Observations on the Bronchul 
Muscles 

Samaan" showed that khellin 
causes a relaxation of bronchial 
muscle, but did not study the effect 
by quantitative methods. Our ex- 
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periineiits were performed on perfused lungs of the guinea-pig, using the 
method of Sollmann and Oettingen^®, The liings were suspended in an air 
thermostat at a temperature of 38° to 40° C., the air being kept saturated 
with water. A cannula was introduced into the trachea, and the lungs 
were perfused with warm • oxygenated Ringer-Locke solution in the 
same manner as the isolated heart. In order to allow an outlet, the 
surface of the lung was scarified in several places, the fluid being col- 
lected through a wide funnel in a graduated cylinder. All the measure- 
ments were made without opening the thermostat so as to avoid cooling 
the lungs. The results of some of the experiments are given in Table II. 


TABLE II 

Action of khellin on the bronchi of the perfused lungs of the guinea-pig 


Initial flow 
in ml./minute 

Concentration 
of khellin 
in mg./I. 

Maximum flow 
in ml./minutc 

Percentage 

increase 

5-0 to 5-4 

10 

42.0 to 43.0 

700 

4'4 to 4*8 

10 

39-0 to 39-6 


2-5 to 2-6 

6 

11-6 to 12-0 

350 

3-3 to 3-5 

4 

9-S to 10-2 

195 

3-5 to 3-7 

2 

5*2 to 5-4 

47 


Other similar experiments gave approximately the same results. The 
minimum effective concentration of khellin causing a 50 per cent, in- 
crease in the outflow was about 2 to 3 ixg.lml. After replacing the 
khellin solution with Ringer-Locke solution the outflow of the fluid 
from the bronchial tree usually returned to its original volume in the 
course of 4 to 5 minutes. The effect of khellin is strong enough to 
antagonise considerable concentrations of histamine. When the lungs 
are perfused with 10 mg./I. of khellin, injections of 5 to 10 fig. of 
histamine diphosphate have only a negligible effect. In absence of 
khellin these doses cause a conspicuous broncho-constriction. The gly- 
coside even in high concentrations causes no relaxation of the bronchi. 
As a broncho-dilator khellin is 4 to 6 times more effective than amino- 
phyUine. 

As a result of the above observations administration of khellin was 
tried in a large number of patients suffering from bronchial asthma. With 
a few exceptions, presented by subjects with advanced emphysema or 
fibrosis of the lungs, khellin was extremely beneficial. The asthmatic 
attacks were cut short, the vital capacity of the subjects increased and 
the feeling of respiratory distress disappeared. On continuous ad- 
ministration of khellin the attacks either disappeared or became 1 ms 
frequent and less severe. The treatment of bronchial asthma with 
khellin will form the subject of another communication. 

Estimation and Distribution of khellin in Blood and Tissues 

The estimation of khellin in blood and tissues can be made by the 
colorimetric method or by the biological method on the rectal cfficum. 
The following procedure was adopted for the preparation of the final 
extracts suitable for quantitative estimations. Ten ml. of blood was 
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added to 100 ml. of alcohol; after filtration the precipitate was washed 
with three quantities of alcohol, each . of 10 ml. The washings and 
the filtrate were mixed and evaporated on a water-bathi under reduced 
pressure, to a volume of about 5 ml.; 50 to 100 ml. of water was then 
added and the solution was treated in a separating funnel with 3 
quantities of chloroform, each of 10 ml., to extract the khellin. The 
chloroform solution was evaporated to complete dr^mess and the residue 
was dissolved in exactly 1 or 2 ml. of distilled water, for the colorimetric 
test, or. of Tyrode’s fluid, for the biological assay. This method pre- 
sents the adNUntage that the khellin content of any reasonable quantity 
of blood or of other biological fluids can be concentrated in the 1 or 
2 ml. of the flnal extract The colorimetric or the biological assay 
was made against a standard 0-5 millimolar solution of khellin. The 
recovery of khellin by the above method is 95 to IQO per cent When 
the method is used for tissues, a piece of an organ is weighed, ground 
with silver sand, treated with alcohol and extracted with chloroform as 
described for blood. Control observations showed that the extraction 
of kheffin from tissues is somewhat less complete, ranging bstn’cen 
85 and 95 per cent Extraction of khellin from fat is less satisfactory, 
khellin being highly soluble in lipoids. The accuracy of the colorimetric 
and of the biological method is the same. 

Distribution of khellin in blood. — Khellin added to defibrinated blood 
or to blood rendered incoagulable by addition of heparin is taken up 
by the serum or plasma and by the red blood corpuscles. With con- 
centrations varying between 1 and 200 p.g./ml. the plasma or serum 
contained about 10 to 20 per cenL more kheHm than the red blood 
corpuscles. This proportion is not changed by allowing the blood to 
stand for several hours before it is centrifuged. It is well known that 
the red blood cells are able to take up a large number of organic sub- 
stances. some of which are easily ^ven ofl, while others become fixed 
and, therefore, probably biologically inactive. Glucose, for example, 
belongs to the first group of substances and histamine to the second. 
We find that khellin is rapidly given off by the corpuscles when these 
are exposed to serum or Tyrode’s solution containing no khellin. It 
is, therefore, obvious that the khellin of the red blood corpuscles is not 
pharmacologically wasted. It should be looked upon as a store which 
is readily released to the surrounding plasma. 


After intravenous or intramuscular administration of khellin the drug 
at first appears in the blood in a high concentration. Within a few 
minutes the khellin concentration begins to diminish, and in about 20 
to 30 minutes it reaches a steady level which is maintained for several 
hours. The rapid diminution of the khellin concentration in the cir- 
cula^g blood is not due to excretion by the kidneys or to destruction 
by die tissues, but to a gradual and more or less uniform distribution 
ot the drug amongst all the organs of the body. 


The remains in the circulation for an extremely Iona time. In 
dogs after injections of 10 to 20 mg. /kg. khellin could be detected in 
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the blood as long as 36 hours later; 24 hour-samples of urinb collected 
after the injection contain only traces of khellin. The conclusion must 
be, therefore, made that the khellin is not eliminated by the kidneys in 
an unchanged .form. 

Repeated administrations of khellin lead to its accumulation in the 
blood and tissues. Animals injected with doses of 10 mg. /kg. had a 
concentration of 4 /xg./ml. of blood, 24 hours after the first injection 
and 12 j^g./ml. 24 hours after the ninth injection. A similar accumula- 
tion of the drug can be also demonstrated in man. For example, in 
subjects who received one injection of 200 mg. of khellin per day its 
concentration in the blood, 30 minutes after the first injection, was 4 
to 5 T/g./ml. and after the 5th injection, 12 to 17jxg./ml. 

In order to study the distribution of khellin in the tissues the drug was 
injected intramuscularly in doses of 20 to 40 mg. /kg., the administra- 
tion of such large doses being necessary since only small samples of 
tissues could be used to obtain a perfect extraction. The dogs were 
killed at different intervals of time after the injections and their tissues 
analysed. In one set of experiments the first animal was killed 1 
hour after the injection, the second 24 hours, and the third 36 hours 
later. The concentration of khellin in the blood of these animals was 
30, 16 and 5 ng./ml. respectively. The concentration in the liver, muscle, 
brain, kidney and the mesentery varied between 20 and 40 ftg./g. 1 
hour after the injections, between 7 and 15 jig./g. 24 hours and between 
2 and 5 ftg./g. 36 hours later. It follows that kheUm is rapidly dis- 
tributed over the whole body. The concentration in the liver was 
always somewhat higher than in the other tissues. The figures obtained 
for the brain were the lowest, which is probably due to the difficulty of 
extraction of khellin from lipoid-containing tissues. The disappearance 
of khellin from the tissues is extremely slow and is not related to any 
particular organ. 

Absorption of khellin and of the khellol glycoside from the 

Alimentary Tract 

Khellin is absorbed from the stomach, from the small intestine and 
from the large intestine. The absorption from the stomach and from 
the small intestine was studied in anssthetised dogs after complete 
separation of the pylorus from the duodenum. Khellin solutions were 
injected directly into the stomach or into the duodenum. In some of 
the experiments khellin was injected into a separated loop of the small 
intestine. Absorption from the large intestine was studied^ only in 
man. The blood samples were collected after the respective injections 
and assayed for kheUin in the usual manner. The absorption from the 
alimentary tract is not followed by a temporary large increase of the 
khellin concentration in the blood as is the case with intramuscular 
absorption. Oral administration is, therefore, suitable for the mainten- 
ance of a high concentration of khellin in the blood, while intramuscular 
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atoiPiaiatim is moK suitable wheu it is desiied to raise its concentta- 

to“man’’S ™al admimsuatiou oi 300 mg, tbe maximum cou- 

centratton’of 5 to 6 pg./mL o£ Mood was rtaohed m ^ “jtkAd S 
Mter rectal admiaistiatiou of SOO mg. dtssolved m 50 tA of alcoM 
ner cent') the maximum couceutiation of 6 to 8 was teacuOT 

L ahouA hours. It cau be seeu that the rate of absorption of khelM 
Soin the large intestine is not inferior to that from the rest of the digesuve 

^^So evidence could be found to show that the Mol ^ycoside is 
converted in the body to active kheiiin. After oral or 
administration of 4 to 5 g. of the ^ycoside, 

no lihellin could be detected in their circulatmg blood. Neitiier is there 
any evidence showing that the glycoside is absorbed from the mtes^l 
tract. In dogs, anssthetised with cMoialose, a loop of the small mtestine, 
about 50 cm. long, was tied off and its two ends were proy^ided with 
cannulffi. After thoroughly washing the inside of the Icrap, 70 nd. of a 
solution containing 1 mg./ml. of khellin or of the glycoside m alcohol (20 
per ceat.) was injected into the loop* which was then closed and 
returned to the abdominal cavity. After 30 to 90 minutes the loop was 
emptied into a measuring cylinder and washed 2 or 3 times with alcohol 
(20 per cent.) to remove all traces of the injected substance. The amount 
of khellin or of the glycoside which escaped absorption was then deter- 
mined. The khellin was determined as described before for blood and 
the glycoside, by measuring the reducing power of the intestinal content 
before and after hydrolysis in acid following a preliminary precipitation 
of the protein matter with alcohol (95 per cent.). The results of 4 experi- 
ments are &ven in Table IH. 


TABLE m 


ABSORmON OF KHELLIN AND OF KHELLOL GLYCOSIDE FROM THE SMALL INTESTINE 
AMOUNT OF FLUID, ALCOHOL (20 PER CENT.), INJECTED INTO THE LOOP WAS IN EACH 
CASE 70 ML. CONTAINING 70 MG. OF KHELLIN OR OF THE GLYCOSIDE 


Sabstancc mjcctcd 1 

; Doration of 

1 absorpUoti in 

1 nuoutes 

/ < 

Axnonnt of fluid 
not absorbed ml. 

Amount of substance 
, not absorbed mg. 

Kbellin 

* 30 


K 

KheUin 

1 30 

« 

17 

Glycoside 

30 

48 

es 

Glycoside .. 

‘ 90 

1 

26 

72 


Conclusions 

1, A biological method of assay and a modification of the colori- 
metric method of assay of the active crystalline principles of Ammi 
Visnaga are described. 

2. A comparative colorimetric and biological assay of khellin, of 
the khehol glycoside and of visnagin showed that the glycoside is 
biologically almost inactive and that the activity of visnagin is about 
one-third less than that of khellin. 
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3. The glycoside has no detectable action on the coronary circulation. 

4. No difference could be detected between the coronary vasodilator 
action of khellin and of visnagin. 

5. ^ Kellinon and visnaginon, the products of alkali hydrolysis of 
khellin and visnagin respectively, give no colour reaction, but still exert 
some biological activity. The action of khellinon is about one-third 
that of khellin, and the action of visnaginon about one-third that of 
visnagin. 

6. Khellol, the product of acid hydrolysis of the glycoside, has a 
definite biological action which is much stronger than that of the glycoside 
and is about 25 per cent, of that of khellin. 

7. Khellin causes a conspicuous relaxation of the bronchi in the 
isolated lungs and a diminution of the intestinal tone in the whole animal. 
The khellol glycoside is in these respect inactive. 

8. Khellin is rapidly absorbed from the small intestine, from the 
stomach and from the large intestine. 

9. Intramuscular injections of khellin are followed by a rapid and 
conspicuous increase of its concentration in the circulating blood, which 
after some time gradually diminishes and finally becomes stabilised at 
an approximately uniform level. Oral administration is not followed 
by such a temporary large increase; the concentration of khellin increases 
gradually and reaches a stable level in about 30 minutes. 

10. Khellin is not excreted in the urine in an unchanged form and 
it disappears from the blood arid tissues at a very slow rate. 

11. In man, oral or intramuscular administration of a single dose of 
1 00 to 200 mg. of khellin raises its concentration, in the blood to above 
the minimal effective concentration, which has been shown to cause a 
coronary vasodilatation and relaxation of the bronchi. Due to the slow . 
destruction of the drug, repeated administration leads to its accumula- 


tion in the body, 

12. No evidence could be found that the khellol glycoside is converted 
in the body to khellin or that it can be absorbed from the intestine in 
an unchanged form. 
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the coronary vasodilator ACnON OF THE 
CRYSTALLINE PRINCIPLES OF AMMI VISNAGA LINN. 

By M. M. Bagouri 

From the Physiological Department, Medical Faculty of Abbasia. Cairo 

Received June 30, 1948 

The two main crystalline principles of the fruit of Ammi Vismga,^ 
khelhn and khellol glycoside, have been extracted by Mustafa,^ Malosse,;- 
Fantl and Salem.^ Fahmy and El-Keiy.'‘ and Samaan.^ The chemical 
structure of the two compounds was determined by Spath and Gruber.®’ • 
Samaan claims that khellin (named by him visammin) causes a relaxation 
of visceral plain muscle, while the ^ycoside (named by him khelliinn) 
conspicuously dilates the coronary blood vessels of the perfused rabbit s 
heart.®’® The latter observation stands in direct contradiction with that 
of Anrep, Barsoum, Kenawy and Riad,^® who find, in the heart-lung 
preparation on dogs, that the glycoside has no effect on the coronary 
circulation and that the relaxation of plain muscle, as well as the coronary 
vasodilation are both due to khellin. The question arises whether 
possibly both substances, khellin as well as the glycoside, have a coronary 
vasodilator action, the difference in the results being due to the difference 
in the species of animals used or to the fact that Samaan worked on 
isolated hearts perfused with Ringer-Locke’s solution, while the experi- 
ments of Anrep et al. were performed on hearts supplied with blood. 

The object of the experiments described in this communication was 
to compare the action of khellin and of the glycoside bn the coronary 
circulation in the isolated perfused rabbit’s heart. I should like to 
thank Prof. Fahmy and Dr. Haddad, of the Pharmacognosy Department, 
for the supply of the two substances. Some of the experiments were 
made with the khellin and the glycoside prepared in the Physiological 
Laboratory or obtained from pharmaceutical firms. These samples will 
not be described separately, since no difference in their action could be 
detected. 


Comparative Action of khellin and of khellol glycoside on the 
Coronary Circulation of the Isolated Perfused Rabbit’s Heart 


The administration of the different substances was made by changing 
the fluid perfusing the isolated heart from oxygenated Ringer-Locke’s 
solution to the same solution in which the one or the other of the two 
substances had been dissolved. A modified form of LangendorfTs 
method was used for the perfusion. The coronary outflow was recorded 
by collecting the fluid in a measuring cylinder at intervals of 30 seconds 
1 he perfusion pressure was kept at 100 to 120 mm. Hg. A few examples 
representing the average results obtained are given in Table I. 

ipielHn in such a large concentration as used in the above experiment 
caused a diminution in the amplitude of the heart beat, which was in 
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Experime?«'s with KHELLIN 


TABLE I 

Perfusion of the isolated rabbit’s heart. Khellin concentration 40 mg./l. 


Perfusion Fluid 


1 — ^Ringer Locke’s solution ... 

2 — „ „ with KheUin 

3— „ „ solution ... 

4— „ „ with Khellin 

5 — 7 minutes later 

6 — ^Ringer Locke’s solution ... 


Coronary outdoiv in inl./minute measured at intervals of 30 
seconds 


9. 9. 8‘6. 9, 9, 9-2, 9, 9 

12, 19, 24, 28, 35, 36, 38, 37*5, 38, 39 

35. 33, 28, 24, 22, 17. 16*5, 11. 11, 9, 9'5, 9, 9, 9*5, 9 

12. 16, 19, 22. 28, 36, 38, 40, 39, 40, 39 

35. 36, 38, 35, 37, etc. 

33, 30. 26. 22, 20. 18, 14, 13, 10, 8-5, 8. 8 


most cases of a temporary nature. It is unnecessary to give a detailed 
description of each experiment, instead, a summary, showing the initial 
coronary outflow and the maximum increase obtained with different 
concentrations of khellin, is given in Table II. 


TABLE n 

Initial coronary outflow and the maximum decrease obtained with different 

CONCENTTIATIONS OF KHELLIN 


Average initial 
coronary outflow 
in xnl./minute 

Concentration 
of khellin 
rag./I. 

Maximal coronary 
outflow during 
perfusion with 
khellin ml./minute 

1 

Increase per cent. 

9-0 

40-0 

39-0 

333 

90 

400 

40-0 

t 334 

4-5 

10-0 

12-0 

167 

4-2 

lO-O 

10-8 

157 

10-2 

4-0 

15-5 

52 

9-2 

4-0 

14-5 

58 


Concentration of 2 to 10 mg./l. caused no detectable effect on the 
heart beat. As regards the coronary circulation, the minimum effective 
concentration of khellin, for the rabbit’s heart perfused with Ringer’s 
solution, is somewhat below 2 mg/1., i.e., about double that given by 
Anrep, Barsoum, Kenawy and Misrahy'^ for the heart lung preparation. 

In several experiments, solutions of 1 : 40,000 or 1 ; 50,000 of barium 
chloride were used to induce an artificial spasm of the coronary blood 
vessels before perfusion with khellin. No special advantage was, how- 
ever, gained by this procedure. In the presence of barium chloride, larger 
concentrations of khellin had to be used to cause an appreciable increa^ 
of the ordinary outflow. The coronary vasodilator action of khellin 
can be demonstrated on the normally beating heart as well as on the 
fibrillating heart. 

Experiments with khellol glycoside 

The observations with the glycoside were carried out with the same 
technique as those with khellin. The results obtained in some of the 
typical experiments are summarised in Table III. 

Every observation was made on a different heart. In aU the above 
experiments, administration of khellin caused the 
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THE CORONARY VASODILATOR ACTION OF AMMI LINN. 


table in 

Effect of khellol ctYcosiDE on coronary outflow 


Average initial coronary outflor^ 
jnE/nanute 


Concenliation oV the 
gl> coside me-/!. 


Average coronary ontiio* 
during perfusion wtb tbe 
gljcosidc rol./ininule 


U-O 

6- 5 
10-8 

S-8 

12-0 

7- 4 
S-« 

4- 7 

5- 9 


' 4-0 

4-0 

! 200 

, 20 0 

20 0 

I 40-0 

1 400 

100-0 
100-0 


10- 5 
6-8 

11 - 2 
S-8 

US 

5-2 

4-4 

4- 5 

5- 2 


tioo. Attempts to demonstrate the coronary vasodilator action of the 
glycoside after inducing a coronary spasm by means of barium chloride 
were unsuccessful. In fact, in many experiments, administration of large 
doses of the glycoside caused some diminutioa of the coronary outflow, 
but never an increase. The diminished outflow does not necessarily 
indicate a vaso-constrictioa, since it may be accounted for by the 
mechanical effects accompanying the slight increase in the strength of 
the heart beat, which is usually observed on administration of large 
doses of the glycoside. 


CO^UPARATIVB ACTION OF KHELtlN AND OF THE KHELLOt GlYCOStDE ON 
THE ISOLATED CORONARY AND SYSTE^aC ARTERIES 


The study of the action of drugs on isolated arterial rings was first 
made by Langendorff. A detailed description of the results obtained 
by this method was given by Cruichshank and Subba Raw.^- These 
authors observed some fundamental difference in the reaction of coronary 
and systemic arterial rings to changes in temperature and to different 
drugs. Kountz,” working in this laboratory, confirmed the residts of 
the previous wotkets and applied the method to human arterial rings. 
The same method %vas used for the study of the action of kheliin and of 
the ^ycoside. 


Intramuscular branches of the coronary arteries of the water buffalo 
were dissected and several rings, about 2 mm. thick, were joined together 
by means of silver wire, 3*4 rings in a chain,. The tings were mounted 
in a 50-ml. bath containing oxygenated Ringer-Locke’s solution at 37° C. 
The contractions of the rings were recorded by a h’ght lever allowing a 
magnification of about 30 to 40 times. The drugs were administered 
directly into the bath. 

Kheliin, in doses of 0-5 mg,, caused a definite relaxation of the rings. 
After replacing the khellin-containing solution with fresh Ringer-Locke’s 
fluid the rings showed a partial recovery, never, however, completely 
regaining their original tone. Both the relaxation and the recovery were 
very slow. The difference between the action of kheliin and of the 
glycoside was quite obvious. The latter caused no relaxation of the 
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As regards the action of khellin upon rings of systemic arteries, I 
found that doses up to 2 mg. caused no relaxation. Evidently the 
systemic arteries are much less sensitive to the drug than the coronary 
arteries. 

In order to gain further knowledge about the action of khellin and 
of the glycoside on systemic blood vessels, I made use of Pissemsky’s 
method^^ of the perfused rabbit’s ear. This method presents the advan- 
tage that the perfusing fluid need not be oxygenated or warmed. 

Samaan found that the flow of fluid through the perfused toad may 
be as much as doubled by khellin in a concentration of 1 : 5,000. Such 
high concentrations present no therapeutic interest. My own observa- 
tions confirm the statement of Anrep, Barsoum, Kenawy and Misrahy,” 
that khellin in concentrations which cause a conspicuous dilatation of 
coronary blood vessels has no effect on the systemic blood vessels, the 
latter being less sensitive. Khellin as well as the kheUol glycoside, in 
concentrations up to 40 mg./l., caused no increase in the flow of the 
Ringer-Locke’s solution through the perfused rabbit’s ear. 

Conclusion 

1. Khellin causes a conspicuous increase in the coronary outflow in 
the isolated perfused rabbit’s heart, the minimum effective concentration 
being about 2 mg./l. 

2. The khellol glycoside causes no increase in the coronary outflow, 
even when administered in concentrations as high as 100 mg./l. 

3. Isolated coronary rings are relaxed by khellin and are not affected 
by the glycoside. 

4. The systemic blood vessels are considerably less sensitive to khellin 
than the coronary blood vessels. 
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ABSTRACTS OF PAPERS PUBLISHED IN 
OTHER JOURNALS 

CHEMISTRY 

ALKALOIDS 

FlnosUicates of &e Alkaloids. 3 a no I and Chaigneau. (C. R. 
Acad. ScL, Paris, 1948, 227, 982.) Knowledge of the fiuosihcates of the 
alkaloids and related substances has been extended to the analysis and 
optical rotation of 13 alkaloidal fluosiUcates. The fluosilicic acid was deter- 
mined as the potassium salt in alcohol (50 per cent.); in the case of the 
morphine compound as the fluorochloride of lead. The alkaloid was 
hberated with ammonia and extracted with ether, chloroform or amyl 
alcohol. The fiuosilicates crystallised easily in prismatic needles or plates; 
the quinine and quinidine compounds showed a blue, those of morphine 
and corynanthine a green, fluorescence. The general formula was SiFsH, 
(alkaloid): XHoO, except the compounds of morphine and codeine, both of 
which were anhydrous. H- t^- 


ANALYTICAL 

Colorimetric Determination of Copper with Carbon Disulphide and 
Diethanolamine. VV. C. Wo elf el. (y4nof. Chem., 1948, 20, 722.) Use has 
been made of the reaction of the bfj-(2-hydroxy-ethyl)-dithiocarbamate of 
diethanolamine with the cupric ion forming a brownish yellow salt soluble in 
wafer, as the basis of a colorimetric method for the determination of copper. 
The reagent is prepared by mixing solutions of carbon disulphide and 
diethanolamine, both in methyl alcohol. Several advantages are claimed 
over the ordinary' diethyldithio carbamate procedure in that the solubility of 
the coloured copper salt eliminates the need for a stabilising colloid or for 
extraction with an organic solvent. Of the metals whose compounds are 
soluble under the conditions used, bismuth, chromium, cobalt, iron, mercury, 
nickel, silver, and uramum interfere seriously. Procedures are described for 
eliminating the interference of appreciable amounts of bismuth, chromium, 
feme iron, and uranium. Among the aiuons studied, only cyanide, dichro- 
mate, nitric, and sulphite interfered appreciably. R. E. S. 


Ephedra and Ephedrine in Nasal Sprays, Assay of. Report No. 6 of the 
Poisons Sub-Committee of the Analytical Methods Committee of the Society 
of Pubhc Analysts. {Analyst, 1948, 73, 312.) The method of the British 
Pharmaceutical Codex, 1934, for the determination of the total alkaloids in 
ephedra was regarded as satisfactory. For the determmation of ephedrine 
in sprays an aliquot portion of the spray is steam distilled in the presence of 
sodium chloride and sodium hydroxide, the ephedrine being collected in a 
standard excess of 005N sulphuric acid which is titrated against 0-05N 
sodium hydroxide. The distillation is continued until no further alkaloid 
IS removed and the result is calculated as anhydrous ephedrine. r. e. s. 


Ferric Chloride, Reactions of, in presence of Alcohol. L. Rosenthaler 
{Pharm Acia Hchet.. 1948, 23, 271.) It is well knowm that the blue colour 
given by phenol with aqueous soluUons of ferric chloride does not appear 
in dilute alcohol. If to 1 vol. of a 1 per cent, solution of ferric chloride 
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9 vols. of alcohol are added the solution after a time no longer gives the 
usual reactions of ferric salts. Apparently the whole of the iron is present in 
the form of a complex, or alternatively in a colloidal form. g.m. 

o-Hydroxyquinoline Sulphate, Alkalinietric Titration of. F. Reimers. 
(Dcnsk Tidsskr. Farm., 1948, 22, 181.) The pki value for hydroxyquinoline 
was found to be about 10-6 (in 50 per cent, alcohol) and 11-4 (in 75 per cent, 
alcohol.) Thus the difference between pki and pk, increases with increasing 
alcohol concentration. In addition, the colour of the titrated solution is 
brighter in alcohol than in water. The titration may be carried out as 
follows: 0-1 g. of o-hydroxyquinoline sulphate is dissolved in 20 ml. of 
alcohol (86 per cent, by weight) and titrated with aqueous OT N sodium 
hydroxide to the colour change of bromocresol purple, or to a green colour 
with bromothymol blue. This method often gives higher results than 
bromimetric titration, showing the presence of excess of sulphuric acid. 

G.Sf. 

Methylene Blue Periodide as Volumetric Indicator. J. A. Gautier. 
(Ann. pharm. Fr. 1948, 6, 171.) By the addition of iodine and hydriodic acid 
to methylene blue, a precipitate of the formula B.HI.2L is obtained. This 
reaction may be used both in iodimetry and acidimetry. On the addition 
of a reducing agent, methylene blue is reformed, and gives a blue colour to 
the solution, while a larger quantity of a strong reducmg agent decolorises 
the methylene blue forming the leuco base. A suitable indicator may be 
prepared by mixing a solution of methylene blue (0-0935 per cent.) with an 
equal volume of O-OIN iodine solution. This suspension should be used 
fresh. For iodimetry a drop or two is added to the solution being titrated 
just before the end-point, and titration is continued with thiosulphate until 
a blue colour appears in the solution. Alternatively, one drop of methylene 
blue solution may be added, though in this case there is a slight error equiva- 
lent to one drop of O-OIN iodine. This method is claimed to be superior 
to the use of starch. Since the compound is also decomposed fay alkalis, it 
may also be used for acidimetric titrations but in this case it would not 
appear to offer any advantage over the usual indicators. G. M. 

Starch in Plant Tissues, Determination of. G. D. P u eke r, C._ S. 
Leavensworth, and H. B. Vickery. (Anal. Chem., 194S, 20, 850.) 
The method consists of extraction of the starch from a 50 to 250 mg. sample 
of dried plant tissue with perchloric acid, precipitation with iodine under 
conditions that have been shown to be quantitative, decomposition of the 
starch-iodine complex and determination of the sugar produced by hydrolysis 
of the recovered starch. The results are independent of the composition of 
the starch of different species with respect to amylose and amylopectin 
content, in contrast to the colorimetric methods of starch estimation, but once 
the fundamental values for the starch from a given tissue have been deter- 
mined in terms of sugar titrations and in comparison with a standard, e.g. 
a preparation of potato starch, the more rapid colorimetric method can be 
used in a series of determinations on the same tissue. For a variety of plant 
tissues results are accurate to within 2 per cent. e, n. i. 

FIXED OILS, FATS AND WAXES 

rff-Hydnocarpic Acid, Synthesis of. D. G. M.DiaperandJ. C. Smith. 
(Biochem. J.. 1948, 42, 581.) The accepted struc‘ 
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hvdnocarpic acid has beea confirmed by synthesis. The ester-acid cWoride 
of sebacic acid reacts with ethyl sodioacetoacetate and the pr^uct yields a 
sodio derivative which reacts in the cold with cyclo- 
pent-2'enyl chloride to give a complex; this complex 
>tCH;)„.cooH is hydrolysed mainly with the loss of the acetyl and 

, carbethoxy groups to 10-ketohydnocarpic acid. 

The keto acid was isolated as the semicarbazone which on hea^g with 
sodium ethoxide j-ielded di-hydnocarpic acid. The synthetic acid did not 
depress the melting point of the natural d-acid and confirmation was obtained 
from the preparation and identity of the two dihydrodenvatives in which 
there is no asymmetrv'. ' 



BIOCHEMISTRY 
GENERAL BibCHEMISTRY 


Ascorbic Acid, Pure, StabiUty of Solutions of, and of Dehydroascorbic Acid. 
P. Guild, E. E. Lockhart and R. S. Harris. (Science, 1948, 107, 
226.) Because there appears to be lack of agreement between the content of 
ascorbic acid in foods as measured by the 2 : 6-dichlorophenolindophenol 
method and the 2 ; 4-dmitrophenylhydrarine method, the suitability of these 
two methods for determining ascorbic or dehydroascorbic acid has been 
compared. The effects of oxalic acid and metaphosphoric acid on the stability 
of ascorbic and dehydroascorbic acids in solution have also been investigated. 
It was found that the 2 ; 4-dmitropheaylhydrazine method gave higher results 
than the other since the reagent reacts with products related to ascorbic acid 
which are biolo^cally inactive; this may prove helpful when assaying the 
original vatamin C content and not the actual content. The method using 
2 : 6-dichIorophenoltndophenol gave results which closely resembled the 
biolo^cally active content of ascorbic acid and dehydroascorbic acid. Ascorbic 
acid was found to be stable for at least 12 days when kept at 4°C. in a 
solution containing 5 per cent, of oxalic add and 10 per cent, of acetic acid; 
in a solution containing 5 per cent, of metaphosphoric acid and 10 per cent, 
of acetic add it was stable for at least 8 days under similar conditions. 
Dehydroascorbic add was unstable in neutral solution at room temperature, 
and neither oxalic nor metaphosphoric adds prevented the irreversible change 
into biologically inactive forms. For stabilising ascorbic acid, oxalic acid 
was more effective, more stable, more convenient and less expensive than 
metaphosphoric add. L h. p. 


Bt, a New Vitamin of the B Group. G. Fraenkel, M. Blewett 
and C o I e s. (iVotiire, 1948, 161, 981.) The common mealworm, 
Tenebrio niolitor, has been showm to be a very suitable test subject for folic 
add and certain other, still unidentified, B factors. When grown on an 
artificial diet consisting of casein, glucose, water-insoluble fraction from 
yeast, cholesterol, a ^It mixture, and aneurine, riboflavine, nicotinic acid. 
PiTidoxine, pantothenic acid, choline chloride and inositol in ample amounts' 
atlrast^-o more factors are essential for groudh and sursival, namelv folic 

fZ .w ^ ^ norite filtrate from yeast or liver extract; in 

Ac absence of both these factors grouth is very slow and mortality high, 
authors have tentatively named the norite filtrate factor Bt (to indicate 

reported absence of significant amounts of 
dal f pteroylheptaglutamic add, in well known commer- 

aal parenteral hver extracts was fuUy confirmed in tests with Tenebno 
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Further tests to ascertain the possible Bt effects of these extracts, showed no 
effect with one of the extracts in any concentration, and a positive effect 
with another extract in only a very large dose. It is obvious that the kind 
of activity for which the anti-anremic concentrates have been developed 
must be entirely different from that of folic acid or Bt. s. L.W., 

Schiff’s Reagent, Use of Thionyl Chloride in the Preparation of. J. C. 
Barger and E. D. DeLamater. {Science, 1948, 108, 121.) 10 g. of 
basic magenta is dissolved in 400 ml. of distilled water, 1- ml. of thionyl 
chloride is added and the mixture allowed to stand for 12 hours. The 
decolorised solution is cleared by shaking with 2 g. of charcoal and filtering 
immediately. Alternatively, the treatment with charcoal may precede the 
addition of the thionyl chloride. The pH of the resulting solution is 1-24, as 
opposed to 1-38 for the solution prepared in the usual manner. When used 
in the Feulgen reaction, Schiff’s reagent prepared with thionyl chloride is a 
successful nuclear stain for fungi, Blastomyces dermatitidis and Saccharo- 
myces cerevisiae, in addition to tissue sections of human thymus, kidney, liver 
and spleen. G. b. 

Vitamin Bi, and Thymidine, for growth of Lactobacillus lactis. W. 
Shiv e, J. M. Ravel and R. E. E a k i n. (J. Amer. chem. Soc., 1948, 70, 
2614.) A medium previously described is modified by adding an oleic acid 
source, tween 80, 10 mg,/10 ml., enzymatic digest of casein, 10 mg./ml. or 
clarified tomato juice, 0-5 ml./ 10 ml., and Wilson’s liver fraction LR, 10 
figllO ml. and replacing a phosphate buffer by sodium acetate. For the 
growth of Lactabacillus lactus Dormer, thymidine can replace liver extracts 
containing the principles active against pernicious anaemia, half-maximum 
growth stimulation requiring 1 to 3pg./10 ml. Thymine (100 pg./lO ml-) 
is inactive. Probably vitamin Bn functions in the biosynthesis of thy- 
midine. In the medium containing tomato juice, 1 ml. of aerated water 
in 10 ml. can replace liver extracts; this effect is enhanced by addmg 
ascorbic acid. Aerated water is not effective in the medium made with 
enzymatic digest of casein, but 1 mg. of ascorbic acid in 1 ml. of aerated 
water/ 10 ml., can replace liver extracts, G- B- 

Vitamin D. Potency of the U.S.P. Reference Cod-liver Oil. W. Dasler, 
C. D. Bauer, and M. van No strand. (7. Lab. din. Med., 1947, 32, 
1251.) Three fresh samples of calciferol from entirely different sources, 
were dissolved in com oU and repeatedly assayed against the U.S.P. reference 
cod-liver oil No. 2. The results indicate potency- values of 50 ± 2 units/ pg- 
for all three samples. Similar bioassays of samples of parallel physical and 
chemical purity made in 1937-1938 against an earlier U.S.P. reference oil 
gave values of 40 units/^ag. This discrepancy in potency-value, confirrning 
repeated observations of recent teams of workers, can only be explained 
upon the hypothesis that the reference standard cod-liver oil is deteriorating, 
and should therefore be replaced, as regards vitamin D, by a primary 
standard, viz., pure crystalline vitamin D,. F. J. d. 

BIOCHEMICAL ANALYSIS 

p-Aminosalicylic Acid in Blood and Cerebrospinal Fluid, Determination of. 
W. Klyne and J. P. Ne who use. {Lancet, 1948, 255, 611.) A colon- 
metric method for the determination of p-aminosahcylic acid in blood and 
cerebrospinal fluid has been developed. The procedure is as follows: — 
Add 0-5 ml. of oxalated whole blood or 1 ml. of cerebrospinal fluid to 
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7 ml of water, mix until caking occurs, add 3 ml- of -0 Pf C 
,dph<,^ add, aaow •» fc' 5 r:Er ml ad?T ^?. o£ citiala 

M IdMl of V^i cert. (Bhrlich-s) p-dtaeliyl- 
-Read rt.edsUy 

electric photometer using a blue filter. e.g., Ilfor ' -j —i of citrate 

blank consisting of 1-5 ml. of p-toluenesulphomc \ ^ f ' 
bufier and 2 ml. of Ehrlichs reagent and made up to 8 ml. with water. 
A caUbration curve is constructed from 3 standards of sothum p-^no- 
benzoate corresponding to 20, 10 and 4 mg. of p-aminosahcylic acid per 
100 mL Streptomycin (1000 ^g/ml. of plasma) does not interfere wi* 
the estimation but the method cannot be used if other primary aromatic 
amines are present. ^ 


Salicylates in Blood, Determination of. M. Volterra and 
D. M. Jacobs. (/. Lab. din. Med., 1947, 32, 1282.) Salicylates 
may be determined by a simple and rapid method based on 
the xanthoproteic reaction, in volumes of 1 ml. of blood serum 
or plasma, deproteinated by trichloracetic acid. The yellow colour 

subsequently developed by the reagents is directly proportional to the con- 
centration of salicylates as observ'ed in recovery-values ranging from 5 to 
80 mg. per cent, determined either photoelectrically or by direct vision agmnst 
a standard series of potassium dichromate units. Good agreement was 
obtained between the authors' method and that of Cobum for values ranging 
from 5 to 55 mg. per cent. F. J- D- 


Streptomycin, Identification on Paper Strip Chromatograms. R. E. 
H o r n e, J r. and A. L. P o 1 1 a r d. (/. Beet.. 1948. 55, 231.) A paper strip 
chromatographic method is described for detecting the presence of strepto- 
mycin in culture filtrates, etc., using 3 per cent, ammonium chloride solution 
as the solvent, the mechanism involved being a salting-out process. The 
paper strips ate spotted neat one end with the solution under test and the 
“ spot ” dried. They are then suspended, spotted end downwards, so that 
the lower ends are immersed in the ammonium chloride solution, the whole 
being placed in a closed container so as to maintain a saturated atmosphere. 
The solvent moves the streptomycin in a sharp band near the advancing 
solvent front After 4 to 12 hours, when the solvent front has reached 
the desired height the strips are dried and developed by means of a modifica- 
tion of the Sakaguchi reaction. The diy strip is sprayed with N/2 sodium 
hydroxide and immediately with 0-25 per cent a-naphthol. After 2 minutes 
it is sprayed with sodium hjTJOchlorite prepared as described by Sakaguchi. 
Streptomycin is shown as a brilhant red band. H. t b 


Vitamin A, Simultaneous Comparative Carr-Price Reactions for Detemuna- 
tion of. \V . K o c h and D . K a p I a n . (/. biol. Chem., 1948. 172, 363.) 
The difference in rates of fading of the Carr-Price colour of graded concen- 
Iratioiw of standard vitamin A, prowdes the basis of a photoelectric method 
in which standard and “ unknown ” are matched simultaneously thereby 
rancellmg errors. Initially, the currents generated by two photocells receiving 
the li^t from ttvo reaction tubes containing two different concentrations of 

balanced on a galvanometer sliding 
^ ni. t differences m fading-rates' in seconds, for graded 

^ plotted Sinst 

bndge-readmgs, it was observed that with faUing concentrations the curves 
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flatten, change their slope and (at 10 units) approach the 80 per cent, trans- 
mission line, used as a convenient arbitrary standard. Subsequently, a calibra- 
tion diagram was constructed by joining each of the predetermined bridge 
readings equivalent to fading values at 15 to 180 sec. in 15 sec. intervals, for 
conrentrations of 50, 40, 30 and 20 units respectively, to the point of inter- 
section of the 10 unit abscissa with the arbitrary “ 80 ” bridge ordinate. 
Determination of “ unknowns ” were then made by entering each bridge- 
reading as a dot on the appropriate seconds line, tracing the best fitting line 
through the points back to the abscissa, and reading the vitamin A in 
units/ml. Evidence is oflfered that values obtained by this method are in fair 
agreement with figures measured by ultraviolet absorption. F. J. d. 

PHARMACY 

DISPENSING 

Oils and Fats, Sterilisation of. H. H u r n i. {Pharm. Acta Helve!., 1948, 
23, 283.) A number of methods are given in various pharmacopoeias for the 
sterilisation of oils and fats. The ordinary conditions of sterilisation in an 
autoclave do not apply since water is absent, and in fact bacteria are 
killed in the same time at any temperature, whether they are in fat or in 
dry air. It has been shown that fats and oils as used for pharmaceutical 
preparations are nearly always sterile. Suitable methods for sterilisation 
are as follows : 4 hours at 140°C.; 3 hours at 145°C.; 2 hours at 150°C.; or 
filtration through a Berkefeld filter at 80° to 90°C. The Seitz filter is not 
effective for this purpose. G. M. 

Vitamin A, Stability of. In Pills. P. T e r p. (Arch. Pharm. Chemi, 1948, 
55, 513.) Pills were prepared according to the following two formuls: 
I. lactose-starch granulate, 54 g.; vitamin concentrate, 8-4 g.; hydroquinone, 
0-03 g.; aluminium oxide anhydrous, 9-6 g.; II. granulate, 41-4 g.; vitamin 
concentrate, 9 g.; hardened mustard oU, 12 g.; hydroquinone, 0'06 g.; 
aluminium oxide, anhydrous, 15-6 g. Both of these lost 40 per cent, in 
strength in 3 months. A further batch was made as above, with the addition 
of 0.25 per cent, of hydroquinone added to the granulate during granulation. 
These pills became black after a few days, and the vitamin was almost 
completely destroyed in a week. A number of pills were then made by 
the dropping method in which the molten mixture is solidified by dropping 
into cold alcohol (d. 0-883). Good results were obtained with the following 
formula: vitamin A concentrate (160,000 units/g.) 1 part; hardened aracim 
oil 8 parts; hydroquinone, 0-25 per cent. These pills showed a loss in 
strength of 12 per cent, after keeping for 12 months at ordinary temperature, 
and no loss over the same period in an ice chest. o. M". 

GALENICAL PHARMACY 

Penicillin Depot Preparations. J. B ii c h i and F. O. G u n d e r s e n. 
(Pharm. Acta Helvet., 1948, 23, 290.) Measures found effective for delaying 
the absorption of penicillin were: to avoid aqueous solutions, to surround the 
solid penicillin or sparingly soluble penicillin salt with an oil base, to choose 
the optimum degree of fineness, and to add substances (wax, adrenalme, 
aluminium stearate) which delay absorption. Certain proprietary prepara- 
tions were effective, so that with these only one injection daily was 
necessary Of the formulie given, the following is the best; with an 
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Iniection of 1 ml., the effect lasts for more than 12 hours; and wth 2 ml. 
for^24 hours; benzylpenicillin sodium crysL, 300,000 units; adrenalme, 
0-3 mg.: sterile neutralised olive oil, to 1 ml. - • 

Tincture of Iodine, Stabflitj- of. A. Tennoe. {Dansk Tijsfcr. 
Farm 1948 22, 226.) An alcoholic solution of iodine, without potassum 
iodide’ rapidly decomposes, and after 1 week’s storage it already cratam 
an amount of hydriodic acid greater than the limit allowed by the Dai^h 
Pharmacopeia (i.e. 0-13 per cent). The reaction is apparently reversible, 
since if the preparation, after heating at 90' C, is then kept at ordinary tem- 
perature for some time, the aciditj' decreases and the free iodine mcreases. 
After 12 weeks’ storage at 20 'C., there was no appreciable difference between 
two preparatiotis containing respectively 5*06 per cent, of iodine with 3*54 
per cenL of potassium iodide, and 5-04 per cent, of iodine with 2-08 per cent 
of potassium iodide. When kept at 90'C. for 4 weeks, the preparation wth 
the smaller quantiw of potassium iodide showed 50 per cent, more acidit}' 
than the other. 


PHARMACOGNOSY 

Hydrastis, Histological Peculiarities of its Adulterants. R. Lemesle. 
(C. R. Acad. ScL, Paris, 1948. 227, 686.) Blaque and Maheu (Rev. gen. BoL 
1947, 54, 138) have described the peculiarities of the pith and pericj'cle of 
the rhizomes of Xanthorrhiza apiifolia L’Her. and of Coptis Teeta Wall, 
which are adulterants of Hydrastis canadensis rhizome. In this paper the 
xylem elements of these three rhizomes are described. Hydrastis rhizome 
has vessels with bordered pits, containing pectosic mucilage and of diameter 
36 to 44^. Wood parenchyma and fibres (without starch) are also present. 
In Xantliorrluza the vessels are up to 55p in diameter and have no bordered 
pits; parenchyma is absent. The fibres contain numerous spherical or 
polyhedral starch granules (4 to Sp). In Coptis, narrow tracheidal vessels, 
such as occur in ipecacuanha, are present, maximum diameter ISp.. 
Parenchyma is absent and the fibres contain starch granules. J. w. f. 


PHARMACOLOGY AND THERAPEUTICS 




Caronamide, Effect on Penicillin Plasma Concentration in Children. M. 
Rapoport, F. B. Corneal, K. H. Beyer and W. F 
Verwey. (Amer. J. med. Sci., 1948, 215, 514.) Oral administration of 
caronamide to children, in a dosage of 0’2 g./kg. of body weight per day, 
together with penicillin increased the concentration of penicillin in the plasma 
to from 1-8 to 2-8 times the control values obtained with penicillin alone. 
With a caronamide dosage of 0'4 g./kg. of body weight per day the penicillin 
concentration was increased by from 2’8 to 14'5 times the control concentra- 
tion. Toxic symptoms during 1 to 2 weeks administration were not sufficient 
to w’arrant discontinuance of caronamide treatmenL Renal function tests 
before and after treatment showed that the drug does not irreversibly affect 
kidney function. u L- „ 


^prelon^ Tngcmmal Neuralgia Treated With. A M. G. C a m p b e 1 L 
Cuprelone, cupro-allyl-thiourea-sodium benzoate 
Mntains 19 per cent, of copper. It was introduced as a non-toxic sub- 

To o ™ ™ i» 0.y ampoul” coSg 

10 tt 100 ms. Md a dasolvrf m for 
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injection; 100 mg. produced a rise in blood-copper level for 2 hours after 
injection. All the extra copper is probably excreted during the next 2 or 
3 weeks. It was adrninistered in 13 cases of trigeminal neuralgia and in 
some the pain was relieved; its toxic effects were negh’gible. H. f. 

Dipole Moment and Physiological Activity. B. M e 1 a n d e r. {Farm. 
Revy, 1948, 47, 503.) In the hexachlorocyc/ohexane series, maximum insecti- 
cidal activity is shown by the isomer with a dipole moment in the region of 
4D; the two isomers with no dipole moment are inactive. A similar effect is 
observed with the same compound in the production of total colchicine 
mitosis in Allium Cepa. Local anxsthetic bases (procaine and xylocaine) 
have a moment about 4D, whereas the group of aliphatic alcohols and 
benzyl alcohol have moments T7 to 2 D. The latter group, unlike the former, 
do not produce convulsions when injected intravenously. Ether and chloro- 
form have dipole moment M5 D. G.M. 

Parpanit, Treatment of Parkinsonism with. W. F. Dunham and 
C. H. Edwards. {Lancet, 1948, 255, 724.) The effects of parpanit, a syn- 
thetic compound, closely related to trasentin and pethidine (dolantin), and 
having the structural formula 

/■“\ 

CH.-CH, \ / 

\ / H 

. C I CH,-CH, 

/ 1 / 

CH,-CH, COOCHs-CH,-N 

j CH,-CH, 

Cl 

were investigated in 25 cases of Parkinsonism, in all of which treatment 
with solanaceous drugs had been given for more than a year. The results 
showed no striking difference from those obtained with solanaceous drugs. 
The optimum individual dose varied from 0-025 to 0-1 g., usually 3 to 4 
times a day. The side effects of parpanit, although similar to those of 
the solanaceous drugs, differed sufficiently in intensity and frequency to 
make it the drug of choice for some patients. ‘ e. N. i- 

Penicillin Alomininm Sait in Mouse Protection Tests. R. D. Reid. 
{Proc. Soc. exp. Biol. N.Y., 1947, 66, 605.) Aluminium penicillin is a water- 
insoluble salt which has been administered in arachis oil suspension. A dose 
of 300,000 I.U. given intramuscularly to human subjects has been found 
to give blood levels of 0-03 I.U./ml. for 12 to 24 hours. The author 
compared the dosage required to give a survival rate of 50 per cent, in nuce 
infected intraperitoneally with 1000 M.L.D. of a diluted culture of 
Diplococcus pneumonite Type 1, with the dosage of sodium penicillin in 
oil and wax and calcium penicillin in oil, giving injections for 14 days. 
The figures obtained were respectively 34 units, 40 units and 95 units. 

H. T. B. 

Penicillins F, G, K and X; Relative Antisyphilitic Activities. H. E a g 1 e 
and R Fleischman. {J. Bact.. 1948, 55, 341.) The antisyphilitic 
activities of penicillins F, G, K and X, and of bacitracin were evaluated by 
a method based on the fact that an extremely small amount of treatment is 
sufficient to terminate syphilitic infection in rabbits, provided it is 
administered soon after inoculation and before the appearance of the 
primary lesion. Rabbits were inoculated intradermally with 2,000 Treponema 
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pallidum, and treated 4 days later with intramuscular injections of the various 
penicillins or bacitracin, repeated once daily for 4 days. It was fou^ that 
nenicillins F, K and X were approximately S, 12 and 14 per cent, respertively 
L active as penicillin G, and a crude preparation of bacitracm assapng at 
30 units /mg. was 10 per cent, as active. Comparison of the results obteined 
\vith those of other workers shows that the absolute and relative activito 
of the various penicillins and of b ^tf acin vary widely according to the 
method of assay. H. T. B. 


Penicillin Suspension with Adrenaline for Gonorrhcea. A. Cohn and 
B. A, Kornblith. (Amer. J. med. Sci., 1948, 215, 506,1 A total of 300 
male ambulatory patients with acute gonococcal infections were treated 
intramuscularly or subcutaneously with a single dose of suspension of 
potassium penicillin in oil containing adrenaline. The suspension contained 
300,000 units of potassium penicillin and 0-3 mg. of adrenaline in 1 ml. of 
vegetable oil, and dosage varied between 0-25 and 1 ml. Only exceptionally 
were 2 ml. doses used. Single injections of 150,000 units cured 97 of 100 
patients treated, the criteria of cure including a bacteriological and clinical 
check for 2 or 3 weeks after treatment. The other 3 cases were 
promptly cured by a second injection of the same amount, indicating that the 
relapse strain had not become resistant to penicillin. All of 19 patients treated 
with 200,000 units in 1 ml, intramuscularly were cured. A table gives the 
results obtained on 154 of the patients treated, the remainder of the 300 not 
attending for final determination of cure. No untoward local or systemic 
reactions were observed. H. T. B. 


Salicylazosulphapyridine, Therapeutic Action of. N. S v a r t z, 
(.Bull, schweiz. Akad. med. Wlss., 1948, 3, 311.) It has been shown that all 
acid azo compounds have a marked affinity for connective tissue, particularly 
tissue rich in elastin; and their localisation in such tissues may be detected 
microscopically by the fluorescence. Such compounds should therefore be 
effective in ulcerative colitis and rheumatic polyarthritis. Cases of colitis 
were treated usually with 1 g. of salicyazosulphapyridine 6 times a day, the 
dose being decreased as the symptoms improved. It was found necessary 
to continue the treatment over a long period with 0-5 g. 2 to 3 times a day. 
Results of 119 cases show a considerable improvement or cure in 108 of them. 
For acute polyarthritis, 100 patients were treated (some with salicylazosulpha- 
thiazole) in the period 1941 to 1945. In 1947, 92 were reported free from 
symptoms. The -results for chronic polyarthritis were less satisfactory, only 
about 40 per cent, showing any considerable improvement. Although 
the administration was generally per os, periarticular injection was sometimes 


Streptomycin, Effects on Mycobacterium tuberculosis Infection by 
Inhalation. C. L e v a d i t i, A. V a is m a n and P. L e v y. (C. R. Acad. 
Set., Paris, 1948, 227, 987.) Mice were infected by injection with 
Mycobacterium iitberciilosis, human strain H 512, and 30 were kept in an 
atmosphere containing streptomycin introduced under a pressure of 0-5 ks 

this period amounted to 22 mega-units. Another batch of 20 mice were 

“9 dSs '‘of Of these all died within 

nays. Of the mice treated with streptomycin, one died on the 46th dav 
the remainder were then destroyed and examined. Frorthe resufe h 
ppeared that streptomycin undoubtedly exerted therapeutic actiriri. 
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although it was lower than that showed by the subcutaneous iniectioa of 
1,000 to 2,000 units daily. g_p 

Tetra-ethyl pyrophosphate in Myasthenia Gravis, A. S. V, Burgen, 
e. A. Keele and D. Me Alpine. (Lance/, 1948, 254, 519.) T£.PJ>. 
was given to 3 patients either as a 0‘5 per cent, solution in propylene glycol, 
intramuscularly, or as a 2 or 5 per cent, solution in propylene glycol, orally. 
By injection, it was found to be from a third to half as potent as prostigmine 
but its action lasted about twice as long. Side effects, similar to those 
produced by prostigmin6, were experienced, but the action on the gut 
producing colic and diarrhoea was prevented by atropine. g. r. b. 

BACTERIOLOGY AND CLINICAL TESTS 

Aerosol OT, Synergistic Effect of, on Certain Germicides, G. V. James 
(J. Sac. chem. Ind., Land., 1948, 67, 336.) Rideal-Wallcer coefficients for 
dispersion of certain germicides in a 20 per cent, solution of a neutral 
castor oil soap show the following increases on the addition of O-I per cent 
w/v of aerosol OT (di-octyl-sodiumsulphosuccinate); — phenol (1 percent), 
0-6; cresol (1 per cent.), 0‘9; p-chloro-m-xylenol (2 per cent.), IT; butyl- 
phenol (2 per cent.), 1-1; benzylcresol (2 per cent.), 1-6; cresantol-15 (3 per 
cent.), 2-2. Similar results are obtained with 0-4 per cent, of a commercial 
product described as the bis-ester of sodium sulphonated dicarboxylic acid. 
The increased germicidal activity appears to be stable over at least 4 months 
at room temperature. The use of sulphonated castor oil instead of castor 
oil soap results in a smaller enhancement of R.W. co-efficient. Bacillus 
typhosus was used as the test organism and O-O^ ml. pipettes replaced 
platinum loops to prevent errors due to differences in surface tension. 

0. B. 

Penicillin: Induced Resistance and Oxygen Utilisation, W. D. Bellamy 
and J, W. Klimek, (/. Bad., 1948, 55, 147.) The observation that 
penicillin-resistant staphylococci grow more slowly than the parent stram, 
and almost exclusively at the surface of broth cultures, was confirmed on a 
penicillin-sensitive strain of Staphylococcus aureus, and a penicillin-resistant 
variant of this strain. Growth curves under aerobic and anaerobic conditions 
showed that the penicillin-resistant variant grew more slowly than the parent- 
sensitive culture, and had lost the ability to grow anaerobically. Strains of 
Streptococcus fcecalis. Strep, mastitidis and Clostridium welchii when treated 
in a similar manner failed to develop resistance to penicillin. It is suggested 
that the development of resistance is dependent on the power to grow under 
aerobic conditions. h. t. b. 

Penicillin-Resistant Staphylococci, W. D. Bellamy and J, 
Klimek. (J. Bact., 1948, 55, 153.) The properties of penicillin-resistant 
variants of Staphylococcus aureus have been compared with those of the 
parent sensitive culture. The variant was 60,000 times more resistant to 
penicillin than the original culture, was Gram-negative, and had lost the 
ability to grow anaerobically. Increase in resistance is accompanied by a 
progressive loss of fermentative activity, but the resistant variant can 
synthesise nicotinic acid in quantities sufficient for growth. It produces an 
extracellular penicillinase when grown in the presence of penicillin. Serial 
transfers through a deficient medium will cause a reversion from Gram- 
negative rods to the original Gram-positive staphylococcus forms which have 
lost most of their resistance. H. t. b. 
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THE UFAW HANDBOOK ON THE CARE AND MANAGEMENT 
OF LABORATORY ANIMALS, with an Appendix on Statistical Analysis. 
Edited by A. M. Worden. Pp. 368, 70 Figs. Baiffiere, TmdaU and Cox, 
London, 1947, 31s. 6d. 

This handbook has been produced by the Universities Federation for 
Animal Welfare. It is intended as a practical introduction to the husbandry 
of laboratory animals for use by research workers and technicians. Both 
novices and experienced workers in fields involving the keeping of health 
stocks of animals for experimental purposes will find much of value to 
them in this book. The novice may be bewildered by the numerous 
variations in details which he will find reported from diSerent laboratories. 

- The experienced worker will be interested to learn what variations of 
detail have been found valuable by other workers. Scarcely any detail 
can be considered veiy much better than the rest and much depends on 
the availability of varieties of such things as food pots and water bottles, 
material for constructing cages and stands for cages, etc. One general - 
principle, however, stands out pre-eminently, the simpler the arrangement 
the better. Simplicity in racks for holding cages, simplicity in the construc- 
tion of the cage itself, simplicity in the food pots and water bottles all 
help towards cleanliness. Ledges in racks harbour dust and food, and 
getting it out with a brush spreads most of it into the air again to settle 
elsewhere. Labour and time ate wasted. .The best arrangement seen by 
the reviewer is that in her own laboratory, viz., racks made of gas piping, 
which, being cylindrical, affords the smallest possible area for collecting 
dust, and cages (not in her own laboratory') made of sheets of wire mesh 
with strong borders (for floor, walls and ceilings), held together with 
movable clips. These cages are hooked on the bars which hold the trays 
of the cages above, themselves loose and easily pulled out for cleaning. 
Each cage can be taken to pieces in nearly no time and many more cages 
can be sterilised at one tune when in pieces than when whole. However, 

“ chacun a son gout " (and his pocket). The animals considered in detail 
in this book are the rabbit, guinea-pig, Norway rat, black rat, mouse 
wild house-mouse, wood mouse, deer mice, cotton rat, common or field 
vole, Orkney vole, golden hamster, ferret, hedgehog, pigeon, canary, 
amphibia, Xenopus laevis Daudin, and fresh water fish. Others dealt with 
more lightly are anthropoids, dogs and cats, hones, other ungulates, shrews, 
^mpue bats, poultry, reptiles, marine forms and other vertebrates. 
Housing, nutrition, breeding, etc., and common diseases of each species 
we d^It with. In addition there are useful chapters on Law and Practice; 
the Rights of Laboratory animals, (much of which will be news to most 
animal worker). Pests of the Animal House and their Control, and an 
consp^ectus of the Elements of Statistical Analysis 

Whfart waders 

who are already familiar with the recommended ways of planning and 


is always worth examining. 


K. H. Coward. 
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The Estimation of <f-Tubocurarine Chloride 
Sir, method for the estimation of ri-tubocurarine chloride, suitable for 
standardisation of injections, depending on the development of a blue colour 
with Folin-Ciocalteu phenol reagent, has been described by Foster*, and its 
application in the assay of the total quaternary alkaloids in crude curare has 
been described by Foster and Turner^. In our hands this method has not 
been found to give results more accurate than the ±5 per cent, claimed, 
and, as stated, it is certainly necessary in all cases to prepare a standard at 
the time the assay is made. The issue of the Therapeutic Substances Amend- 
ment Regulations, 1948, has emphasised the necessity for accurate control 
of this preparation. We have found the qualitative colour test given in these 
regulations — ^the development of a cherry-red colour when a few crystals of 
the substance are added to 0‘5 ml. of Millon’s reagent — to form the basis 
of a suitable colorimetric assay, accurate to ±2 per cent, and requiring less 
manipulation than with the Folin-Ciocalteu reagent. 

To prepare Millon’s reagent pure mercury is dissolved in twice its weight 
of nitric acid B.P., heating if necessary to complete solution. The solution 
is diluted with twice its volume of water, allowed to stand overnight and 
filtered if necessary. Standard colour solutions are prepared as follows. A 
Standard 0 1 per cent, solution of rf-tubocurarine chloride in water is prepared. 
1,2, 3, 4 and 5 ml. portions of this solution are diluted to 10 ml. with water 
and 5 ml. of Millon’s reagent is added to each. A blank is prepared from 
10 ml. of water and 5 ml. of reagent. The contents of each tube are 
thoroughly mixed and allowed to stand at room temperature for 2 hours 
(Unless a standard solution is set up side by side on each occasion a test is 
made, it is desirable to standardise a temperature, e.g., 20 ±: 1 ^ C., at which 
colour development is allowed to proceed.) Maximum colour development 
is attained at this time, the variation in colour for a few minutes on either 
side being negigible. Shortly after 2 hours precipitation commences in the 
more concentrated solutions. Light transmission is measured on a suitable 
photoelectric absorptiometer, using a cell having a light path of 2 cm. and a 
filter with a maximum transmission at about 430 m|U. A straight line graph 
is obtained by plotting the logarithmic (density) readings against concentra- 
tion. For the assay of a sample 2 mg. is a convenient quantity to use and a 
volume containing this amount is diluted to 10 ml. with water and 5 ml, of 
reagent added. After standing at room temperature for 2 hours, the colour 
is compared against a blank, which should contain in similar proportions any 
additional solvent known to be present in the test sample. 

Ethyl alcohol, benzyl alcohol, glycerol and sodium metabisulphite, any of 
which may be encountered in injections, do not interfere with the develop- 
ment of the colour, and it is unlikely that any inorganic salts which may be 
used as buffers, or to prepare isotonic solutions, will affect the results. Phenol 
and chlorocresol interfere, producing a pink colour similar to that given by 
the alkaloid, and may be removed prior to colour development by extraction 
with chloroform, as described by Foster.* 

Duncan, Flockhart and Co., Ltd., Edinburgh. A. M. Pryde, 

January 19, 1949. Smith. 
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The asterisk <*) after the name of an article indicates that the information 
given is derived from the makers’ publications. P^trther information regarding 
these articles may be obtained by application to the Editor. 


Cremosuxidine* is a suspension of succinylsuiphathiazole 10 per cent, 
with pectin 1 per cent, and kaolin 10 per cent. It is indicated in the 
treatment of specific and non-specific diarrhoeas, including bacillary dysen- 
tery, paradysentery, salmonellosis, diarrhoea of the new-born and summer 
ifianhcea; it is also of value in other conditions where a liquid form of 
succinylsuiphathiazole is preferred to powder or tablets. The dose for 
adults is 2 to 3 tablespoonfuls 4 times daily, for children 1 to 2 tablespoon- 
fuls 4 times daily, and for infants 2 to 3 teaspoonfuls 4 times daily, these 
doses being equivalent to a total daily dose of succinylsuiphathiazole of 
12 to 18 g. for an adult, 6 to 12 g. for a child, and 3 to 5 g. for an infant. 
For irrfants, the suspension may be incorporated with milk, or the infant s 
formula, up to 50 per cent, of the quantity of the feed, and will still pass 
through an ordinary teat. Cremosuxidine is supplied in bottles containing 
4 or 16 fl. oz. s. L. w. 


Efamon* is a proprietary form of tetraethylammonium chloride, a quatern- 
ary ammonium compound. It is indicated in the treatment of thrombo- 
angiitis obliterans, peripheral arteriosclerosis obliterans, thrombophlebitis, 
causalgia, and functional vascular disorders such as Raynaud’s syndrome. 
It may also be employed diagnostically in many acrovascular conditions, 
and in neurogenic hypertension, to determine the contribution of sympathetic 
stimuli in the maintenance of vasospasm. The injections may be given 
either intravenously, in a dose of 1 to 5 ml., but not exceeding 7 mg./kg. 
of bodyweight, or intramuscularly, m a dose of 10 to 12 ml., but not 
exceeding 20 mg./kg. of bodyweight, the frequency of injections depending 
on the duration or relief of symptoms. It should be used with caution 
in patients with severe hypertension, especially in the presence of 
poor renal function or high diastolic pressure. It should not be used 
in cases with a recent coronary thrombosis, and only with caution in elderly 
and arteriosclerotic patients. It is issued in rubber-capped bottles con- 
taining 20 ml. of a sterile 10 per cent, aqueous solution. S. L. w. 


JFerrivenin* is a preparation of saccharated iron oxide for intravenous 
injection, 5 ml. of a 2 per cent, solution containing 100 mg. of Fe. It is 
especially indicated in the treatment of refractory hypochromic antemias. 
The total dose of ferrivenin required for the individual patient 
may be calculated by relating the haemoglobin deficit of the patient to the 
fact that 25 mg. of iron are required to produce a 1 per cent, rise in 
haimoglobin. A test dose of 1'5 ml. is usually given intravenously on the 
first day, followed by an injection of 3 ml. on the second day, and subse- 
quent injections of 5 ml. daily or on alternate days until the course is 
completed. The injections should be given slowly and care taken to avoid 
penvenous leakage. Alternatively, the total required dose may be given 
by a single intravenous infusion. It is claimed that the injections are 
painless and non-toxic and do not give rise to thrombosis or embolism 
and that the usual symptoms of nausea, indigestion, anorexia and diarrheea’ 
or constipation, associated with the oral administration of iron do not 

occur. Fcmvenin is issued in ampoules containing 5 ml. of a 2 uer cent 
solution. ^ '-wiu 

S. E. W. 
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A LOW PRESSURE HYDROGENATOR OF WIDE APPLICAHON 
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A NUMBER of low-pressure catalytic faydrogenators have been described in 
the literature, most of them being intended for use in the determination of 
structure, in which the hydrogen absorbed by small quantities of material 
must be measured with great accuracy^**. However, such apparatus is quite 
unsuitable for normal laboratory-scale hydrogenations. The small number 
of hydrogenators intended for synthetic work vary from simple devicM’'*’’'®' 
to those which are exceedingly complex^. The simpler designs are divisible 
into two groups; one kind will handle large volumes of hydrogen with e^e 
and fair accuracy of measurement, but is somewhat inaccurate for quantities 
of 1 litre or less®-®. The other type is capable of dealing with small quan- 
tities with good accuracy, but requires too much refilling when large volumes 
are required®’'*'®. 

In the present design an attempt has been made to produce a robust 
apparatus having as many advantages as possible compatible with siraplici^ 
of construction and safe operation; its main features are shown ® 
theoretical diagram (Fig. 1). The apparatus is easily moved from bench 


HYDROGEN INLET 



Fig. 1. — ^Theoretical diagram x = tap 


bench, since it has been built up on 

instantaneous, for there is no hySe? 

advantage - during large-scale freservoirS know^ 

measured by means of a manometer in according 

volume; this --oir may have a ^ 

to the position of ^ few hundred ml. of hydrogen results 

capacity is I htre, the deu ery ^^^^ reading, which makes accurate 

m a considerable fa ^ 4.1itre capacity is more convenient for 

"'Sume^ During a s^rie^of small-scale hydrogenations, using the 
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l-litre capadty, the rest of the reservoir may be used for hydrogen storage, 
thus making *e apparatus fairly independent of a cylinder. 

The manometer has been placed in circuit at such a point that on closmg 
the reservoir outlet tap the absorption rate, as measured by the manometer, 
IS magnified. This interferes in no way with the initial and final measure- 
ments of the reservoir pressure, and is most useful for observing the rate of 
hydrogen absorption. The maximum pressure obtainable is about 2 
atmospheres, but the apparatus will also operate at pressures below 
1 atmosphere, a fact which may prove useful in the controlled hydrogena- 
tion of substances vdiich absorb hydrogen with great vigour. In order to 
safeguard the operator, a safety valve has been incorporated, which cannot 
fail to leak above a predetermined pressure. An efficient charcoal trap 
has been included for use on those occasions when it is thought that catalyst 
poisons are being introduced either from the hydrogen used or from the 
apparatus itself. 

The Reservoir . — This comprises four 1-litre bolt-head flasks. A, B, C and 
D, each flask being closed by a well-fitting rubber bung, through which 
the necessary connecting tubes pass. 

After wiring in the bungs, each flask 
IS wrapped in cotton material and 
secured to a cork ring by means of 
insulation tape, so that the flasks 
are protected during movement of 
the apparatus. The four flasks are 
mounted on the lower tier of the 
trolley and are kept in fairly ri^d 
and symmetrical arrangement by 
means of a length of brass strip, 
which is looped around each flask 
neck, and serves to keep the flasks 
about three inches apart. The reser- 
voir compartment is covered in 
with thick plywood in order to pro- 
tect the operator, whilst tap G, which 
controls the resers’oir capacity, is 
mounted so that it projects through 
a hole in the board at the back of the 
reservoir compartment. The reser- 
voir inlet and outlet taps, F and H, 
are mounted onto a plywood frame, 
screwed to the hack of the mano- 
meter upri^t (Fig. 2), This reser- 
voir system may be replaced with 
steel flasks if required. 

The Junction Tube.— The reser- 
voir outlet tap, H, leads to a 
junction tube, E, in order to effect 
the connections referred to in the 
theoretical diagram. This consists of 
the open end of a thick-walled Pyrex 
boiling tube joined on to a length of 



Fig. 2. — General view of apparatus 




The junction tube is situated in the reservoir 
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compartment, whilst the exhaust tap, I, is mounted in a rubber bung, which 
is fitted into a hole on the top of the trolley. 

The Manometer . — ^An upright of oak (k" x H”) screwed to the edges of 
the upper and lower tiers supports a metre scale, which slides up and down 
the upright between two accurately fitted wooden rails. The manometer 
itself consists of two lengths of thick-walled capillary tubing (internal 
diameter = T5 mm.; external diameter = 6*5 ram.) joined together at the 
bottom of the “ U ” by means of a short length of pressure tubing. The use 
of pressure tubing in this case not only simplifies construction of the 
manometer and renders it less fragile than an all-glass U-tube, but enables 
one to vibrate the mercury column before reading to ensure that tailing has 
not distorted the levels. The two limbs of the manometer are fixed to the 


rails on the upright by loops of copper wire at intervals; the wire passes 
around the back of the upright, but not across the metre scale. In filling 
the manometer air bubbles should be removed by forcing the mercury into 
the open limb and pushing a long length of copper wire down the tube. 

The Safety Valve . — The principle of operation is as follows (see Fig. 3)- 
As the pressure in the flask, L, increases, mercury is forced into the vertical 

capillary tube OM; the quantity of mer- 
cury initially in L is adjusted so that 
when the pressure has risen to about 2 
atmospheres, the whole of the mercury 
is in the vertical tube. A further small 
increase in pressure then forces the 
mercury into the baffle chamber, )■ 
Hydrogen escapes through the outlet 
tube K, which contains a small quantity 
of mercury to act as a seal, during 
evacuation of the apparatus; the outle 
of K is fitted with a miniature mercury 
baffle. During this process the 
in the apparatus falls rapidly, and the 
hydrogen supply must be cut off com- 
pletely before the mercury in J 
again return to the flask, L. Both — 

J are constructed from 50-ml. Pym 
flasks, J being the most simple and effi- 
cient mercury baffle of several typ 
tried. The tube ON has the same 
dimensions as that used for the 
meter and passes to the bottom or t 
vessel, L, which is mounted on the 
bottom of the reservoir compartment as 
near to the manometer upright a 
possible. Connection between ON 
J is made with a length of capiUW 
pressure tubing, MN; this should be 
kept reasonably straight. The use oi 
narrow-bore tubing in this part of tne 
valve reduces the volume of mercury 
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flow; PQ is a length of ^ the mano- 

iSroiX of fljo o""*' '■‘>'“™ ^ '"=™' " 



Fig. 4. — Close-up view of apparatus 


easy matter; after removing the pressure tube from the top of J. small quanti- 
ties of mercury are poured in until by trial and error the val\e is found to 
operate at the desired pressure. 

The Charcoal Trap . — ^WTien immersed in an acetone/solid carbon dioxide 
bath, this trap is capable of adsorbing 1 litre of hydrogen sulphide; it is 
therefore a useful adjunct where it is desired to rigidly exclude any catalyst 
poisons arising from the apparatus or the hydrogen supply. The construc- 
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tion should be apparent from Figure 4; the U-tube is filled with granular 
charcoal to give a total path of about 30 cm. length, and a glass wool 
plug is present at each end to prevent movement during the flow of gas. 
After use, immerse the trap in boiling water and pass a slow stream of 
hydrogen through for about an hour. At the end of this operation the trap 
should be quite free from moisture, otherwise it may block during the next 
hydrogenation. 

The Shaker . — ^This was specially designed for the apparatus by Dr. W. 1. 
Arrol. The l/25th h.p. motor is suitably geared down to drive a rocking 
retort-stand by means of a shaft, the reaction flask being attached to the 
stand. The principle should be apparent by reference to Figure 4. The 
dimensions have been carefully worked out, so that the catalyst is ver)' 
well shaken without undue splashing of the reaction mixture into the neck 
of the flask. This shaker appears to be much more satisfactory for this 


purpose than any previously encountered. 

General Notes on Construction . — ^Most of the connections have been made 
with Portex Plastic Commercial Tubing No. 6c, and the associated glas 
work has been made from Pyrex tubing of 12 mm. external diameter, with 
which the plastic tubing forms a very tight-fitting joint. All glass junctions 
are narrowed at the tips and well-rounded off to facilitate the^ fitting of 
the plastic tube. In addition, each connection is doubly wired with No. IS 
S.W.G. copper wire. When operating at 60 cm. of mercury above atmos- 
pheric pressure, the leakage rate of the whole apparatus is of the order ot 
about 2 mm. an hour; for the 1 litre reservoir capacity this is ^uivalen 
to a leakage of approximately 3 ml. of hydrogen an hour, which may ^ 
ignored during any but the slowest hydrogenations. When desired, tne 
leakage rate can be reduced further by working at a few cm. of mercun 


above atmospheric pressure. 

The Taps.— Figure 5 shows the way in which high vacuum taps have 
adapted to withstand pressure The taps are well greased with Apiezon U 

and a slotted brass disc seated upon a 

_ — pvr'CT rubber washer is wired into place, so ■ 

! ; that the tap is held firmly into ds 

! ^ I socket. This method has given very 

! . JX trouble, 

f 4 ;?^' Calibration.— It is necessaiy 

i • know the precise volumes or me 

f / ** reservoir when set at nommai 

I ' ■' ' ‘ capacities of 1 and 4 litr^ 

'! / tively. The apparatus should be 

i filled with hydrogen and the drop m 

1 manometer pressure noted dutmg 

. r i;- . the delivery of 500 ml.; a volumetnc 

\ ■ ■ flask and a trough of water at ro^ 

' temperature is useful here. _ i be 

volumes are then readily obtamable 

/- . r after correcting for aqueous vappur 

ir. kA/ .'4-.''' pressure. It is useful for pracUcal 

■ ' r,r5.::^.o.4vi.w o, . 

correspond™ w'im 

S:;lXptrTrn%^— add .^e vo,„„e oP 


Fig. 5. — Close-up view of a tap 
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the4ead space in tHe reaction vessel to tlie reservoir volume before arriving 

3 .t the final volume for calculation purposes 
Calculation of Reservoir Folmne.-Suppose 500 ml. has been collected 

os-er v,-ater at room temperature. 

Let V = volume of reservoir in ^ 

otj = initial manometer reading in mm. 
m- = final manometer readmg in mm. 
a = atmospheric pressure in mm. of mercury' 

w = aqueous vapour pressure of water at room temperature m mm.Hg 

760 x 500 / , \ 


Moon OF OPER-vnos 


la) Filling With Hydrogen.— Close the hydrogen delivery tube by means 
of a pinch clip or, if the charcoal trap is being used, close the tap thereoL 
Connect the exhaust outlet to vacuum and close tap F: open taps G, H and 
I. and evacuate the apparatus'. Then attach the hydrogen inlet tube to a 
cylinder and sweep out the air in the safety valve and associated tubing 
by appIjTng just enou^ pressure to blow the valve, and then allowing 
hvdrogen to bubble through for a few seconds. If the inlet tube is detach^ 
from the cylinder without previously closing by means of a pinch clip, air 
wDl difiuse into the valve, and must be swept out again before refilling. . The 
apparatus is then filled by opening tap F and allowing hydrogen to flow in 
from the cylinder until the manometer le^sters about 60 cm., ‘when tap F 
IS closed. Tap H must be open during this operation. This sequence of 
operations is sufficient when the apparatus is in regular use, but when first 
used or after being unused for some time it is advisable to sweep out 
the apparatus thoroughly by repeating the above sequence two or three 
times, depending on the vacuum available. 

(b) Hydrogenation. — A standard joint round-bottomed flask of suitable 
capacity is used as reaction vessel, and an adapter is needed to connect to 
the hydrogen delivery tube. The adapter is made by pulling out a standard 
cone and joining on to a short length of 12 mm. PrTe.x tubing. The joint 
is greased with Apiezon “ L ” and held together by copper wire in conjunc- 
tion with two bands of brass strip, as shown in Figure 4. Estimate, or measure 
when maximum accuracy is required, the dead space which will exist in 
the flask and adapter after adding the solution to be hj'drogenated. This 
volume is added to the appropriate reservoir volume before calculating the 
manometer fall, which corresponds with the theoretical volume of hydrogen 
to be absorbed (see below). Then check that tap G is set to the desired 
reservoir capacity and close tap H. Mount the reaction vessel on the shaker 
and connect the adapter to the hydrogen delivery” tube, open the tap on the 
charcoal trap, if this is in circuit. 


Eyacuate the reaction vessel by opening tap I, and after closing it admit 
hydrogen from the reservoir. V/betber or not this operation is repeated 
de^nds upon the y-acuum available and the volatility of the solvent, althou^ 
where possible it should be repeated. At this point tap H should be open- 
y{ the manometer readmg is loo low, let in more hvdrogen from the 
c> finder or, when the 1 litre capacity is being used, it is only necessary 

•h,. f manometer reading, making sure 

ito. tap F is closM and tap H open; start the shaker. In order to check 
that hidrogen is being absorbed, it is useful to close tap H at this point k 
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Order to obtain the magnified pressure fall referred to above. During very 
slow hydrogenations it is advisable to correct for any change in atmospheric 
pressure and room temperature that has occurred during the process and to 
adjust the final manometer reading accordingly. 


C'alculatinn of the Required Manometer Drop 
Let t, = temperature (in °C,) 

s = volume of the dead space (in ml.) 

h = volume of hydrogen in ml. theoretically required at N.T.P. 
(The other symbols are as above) 


Then mi — = 760 x 



Correction for Temperature and Pressure Variations During Hydrogenation 

Letm, = the originally calculated final manometer reading (in mm.) 
mj = the corrected final manometer reading fin mm.) 
tj = initial temperature (°C.) 

U = final temperature (°C.) 

ai = initial atmospheric pressure (in mm. mercury) 
a, = final atmospheric pressure (in mm. mercury) 


.Then m. 


/ (273 "T tn) (mj 
' (273 “l.) 



, The author wishes to express thanks to Professor W. H. Linnell for 
encouragement and advice during this work. Also to Dr. W. J. Arrol for 
suggesting the use of the charcoal trap, to Mr. P. C. Barden for constructing 
the shaker and to Mr. V. Askam for checking the equations. 
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THE CHEMICAL ESTIMATION OF DIGITALIS AND 
STROPHANTHUS GLYCOSIDES 

By Teodor Canback, Leg. Apot., Fil. Lie. 


Director of the Fharmaceutical Control Laboratory, Stockholm, Sweden 
Member of the Swedish Pharinacopasia Commission 

Certain glycosides of plant origin possess valuable cardiotonic pro- 
perties. The Families Scrophulariaceae and Apocynaceae are the plant 
orders which contain most members furnishing drugs of therapeutic 
value. If in this connection the toad poisons are included, the heart- 
active substances from a chemical viewpoint may be subdivided into 
three large groups : the digitalis-strophanthus group, the sctUa-helleborus 
group and the nitrogenous venoms secreted by the parotid glands of 
toads. The chief diSerences between the groups are; the members of 
the hist gionp are glycosides, the a^ucones of which contain a Eve- 
membered lactone ring, the members of the second group are glycosides, 
the aglucones of which contain a sbe-membered lactone ring and the 
members of the last group are suberylarginine derivatives of acetylated 
hydroxylactones more closely related to the scilla group than to the 
digitalis group. 

Only the first group will be discussed here. The ring system of the 
cardiac glycosides from the genera Digitalis and Siroph'anthus is given 
below : — 

o 

■ 1 

! o 
_/ 



The sugar moiety Rj may be composed of as many as four sugar 
molecules. The sugars are for the most part a-desoxy sugars (cymarose, 
digitoxose and sarmentose) and digitalose, glucose and rhamnose. When 
an a-desoxy sugar is joined directly to the nucleus, the hydrolysis of the 
glycoside bond is easily effected; when rhamnose or glucose is the 
first sugar molecule the union is much firmer, and drastic conditions 
arc necessary for splitting off the sugars. Digitoxin may be mentioned 
as an example of the first group; ouabain as an example of the second 
group. In fact, u rs only very recently that Mannich has succeeded in 
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splitting off rhamnose from ouabain without dehydrating the agiucone 
at the same time. The aglucones are steroids* with a Ao:p.butenoMe 
Ci 7 side chain and they are hydroxylated in positions 3 and 14. Many 
of the aglucones have additional hydroxy] groups in positions 5, 12 and 
16. Summarising, it may be said that the characteristic cardiac- 
stimulating activity of the glycosides is due to the steroid skeleton of 
the agiucone, the C 17 side chain, the hydroxyl group and to a minor 
extent to the structure of the sugar moiety. The glycosides are present 
in the plants in mixtures. From Digitalis purpurea a number of sub- 
stances have been isolated : the purpurea glycosides, which on partial 
hydrolysis give digitoxin and gitoxin, gitalin, the inactive glycoside 
diginin, saponins such as digitonin, tannins and enzymes. 

It is about fifty years since the first paper was published on the 
biological assay of digitalis, and there is still controversy among the 
biologists as to which method shall be used. In recent publications 
Gold et al^ advocate a human assay of digitalis to overcome the dis- 
crepancy between the potencies of digitalis preparations obtained by 
the cat method and the actual activity in man, especially by oral ad- 
ministration. This discrepancy has emphasised the necessity of finding 
a more specific method of analysis than the crude lethal dose method. 
Thus it is desirable that any assay method of cardiotonic drugs should 
take account of not only the amount and the distribution of the active 
glycosides, but also of the absorbability of the active principles from 
the intestine. 

Chemical Testing 

It is symptomatic that in the last few years some very interesting 
papers on the chemical estimation of digitalis and strophanthus pre- 
parations have been published. Some of these papers will now be re- 
viewed and commented upon. 

The chemical assay of digitalis leaf is a complicated matter. The 
ideal method should give figures for: — ( 1 ) the total amount of active 
glycosides; (2) the amount of each different glycoside; (3) the amount 
of aglycones; (4) the absorbability of the glycosides. As the potency 
of the glycosides varies with the number of sugar molecules attached 
to the nucleus it is also desirable to have information of the amount 
of sugars attached. 

The structure of the compounds also gives some clue to the solution 
of the problem. Purely physical methods such as ultra-violet and infra- 
red spectroscopy would give some information. Colorimetric methods 
which determine either the sugars or the butenolide group should give 
reliable figures of the amount of active principles present, but unfortu- 
nately no method is known, which differentiates between the glycosides 
and the aglucones when working on the genin part of the glycoside. . 
However, by combination of a method based on the sugars and a method 

* "nie alkaloids from Erythrophleum have cardiotonic activity. They are not 
steroids. 
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based on the butenolide group it is easy to calculate the amounts of 
glycosides and aglucones present. 

It should also be possible to separate the glycosides from the aglucones 
by chromatography on aluminium oxide, or charcoal, or paper strips or 
by partition chromatography. The separation of the different glycosides 
(or, after hydrolysis, the aglucones) would also be possible by some kind 
of chromatography. The chromatographic spectrum of the glycosides 
could be determined by the aid of pure glycosides. 

The extraction of the glycosides from digitalis leaf powder or from 
galenicals can be done in different ways. Usually an aqueous, methyl 
alcoholic or ethyl alcoholic extract is prepared. The tannins are removed 
by shaking with fresh lead oxide or precipitated by lead acetate solu- 
tion, the precipitate is filtered off and the dissolved lead removed by 
hydrogen sulphide or sodium phosphate. From this partially purified 
extract the glycosides and aglucones are extracted with chloroform. Free 
sugars are left in the aqueous phase. When the final estimation is made 
on the sugar moiety of the glycosides the latter are hydrolysed and the 
free sugars estimated. 

This route of isolation and purification has some disadvantages, as 
at all stages large losses are suffered. Extraction with water or with 
alcohols of different strengths may result in a fractionation of the 
glycoside complex, as the different glycosides have very different solu- 
bilities in these solvents. When the tannins are precipitated by lead 
acetate, coprecipitation of the glycosides will occur, and it is difficult to 
wash the precipitate free from them. The extraction of the glycosides 
and the aglucones from the aqueous or alcoholic solution by chloroform 
is a very troublesome procedure. The presence of saponins enhances 
the solubilities of the active principles in the aqueous phase, and even 
repeated extraction will not give a quantitative yield. 

Methylene chloride is a much better solvent than chloroform when 
extracting pure or purified glycosides from tablets containing lactose 
because the solubility of lactose in methylene chloride is much less than 
in chloroform. Lactose disturbs most of the known colour reactions, 
especially those carried out in alkaline solution, and measuring the 
transmission at about 500 mu is unreliable when chloroform is used as 
the solvent. 

Methods Dependent on the Butenolide Side Chain 

All glycosides from the digitalis and strophanthus groups show in 
ethyl alcoholic solution an absorption maximum between 215 and 220 
nui in most cases at 217 ma with log e about 4-2. This absorption is 
very characteristic and is due to the A°:P-butenolide group. Of course 
it is not possible to differentiate between glycosides and aglucones The 
method has been used for some years in this laboratory as routine 
control on injections containing ouabain or digitoxin. When suitable 
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equipment is available and interfering substances are known to be absent, 
the method is very rapid. 

Extinction plotted against amount of glycoside present gives a straight 
line when the measurements are made on the peak of the absorption 
curve. If alkali is added, it is possible to follow the isomerisation of the 
glycosides as the peak at 217 mp. gradually disappears, which is a good 
identification of the substance present. 

The following methods depend on a reaction with the butenolide 
group, the Legal reaction with sodium nitroprusside and alkali, the 
Knudson and Dresbach method with alkaline sodium picrate solution, 
the Raymond method with wr-dinitrobenzene in alkaline solution, the 
Kedde method with alkaline sodium 3 : 5-dinitrobenzoate solution and the 
Warren. Howland and Green method with sodium yS-naphthoquinone- 
4-sulphonate. 

The Legal reaction depends on the formation of a red colour when 
sodium nitroprusside is added to an alkaline solution of the glycosides. 
The colour test has been described by Jacobs, HoflEman and Gutus- and 
has been extensively used in research work on the cardiac glycosides. 
Qualitatively the test is performed so that a relatively large amount 
(0-01 g.) of the glycoside to be tested is dissolved in pyridine and an equal 
volume of water is added. A few drops of a 10 per cent, sodium 
hydroxide solution are added and then 1 ml. of 0-3 per cent, sodium 
nitroprusside solution. When a heart-active glycoside is present, a bright 
red colour develops, which slowly fades. The test has been criticised by 
Elderfield^, who proposed the use of potassium ferricyanide instead of 
sodium nitroprusside. Hardegger, Heusser and Blank^ have shown that 
Ihe Legal test is not specific for the butenolide group, but that certain 
related synthetic products also give a positive reaction. The reaction 
probably involves a condensation of the butenolide group with the 
reactive NO group (in alkaline solution), and the colour is probably due 
to salt formation of an isonitroso derivative. 

Kedde° has developed a quantitative method for the assay of digitalis 
preparations based on the Legal reaction. He works in a buffered solu- 
tion of pH 11, and obtains a relatively stable colour. The absorption 
band has a maximum at about 470 mu. 

Some years ago Knudson and Dresbach® used the Baljet* reaction to 
estimate digitalis preparations. The Baljet reaction is based on the Jaffe 
reaction®: creatinine gives with alkaline picrate solution a red colour. 
The glycosides give a red-orange colour when their solutions are treated 
with alkaline picrate solution. The method has recently been of cunent 
interest in the United States of America and Bell and Krantz® especially 
have contributed some interesting investigations. In a series of papers 
they have shown that the method gives reliable results when the trans- 
mission is measured by means of a photoelectric colorimeter.^ In a 
collaborative study^® of the assay of digitah's and its preparations by 
the Baljet reaction and the cat method it was shown that significant 
correlation between the two methods existed, showing that both methods 
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measure the same activity of the drugs. Their method has teen made 
the basis for -method I, Digitoxin Colorimetric Controls, m the U.S.P. 
Xrn. For the decolorisation of ethyl alcoholic extracts of digitalis 1^ 
powder they use lead acetate and sodium phosphate. No extraction 
of the glycosides with chloroform is used, but the reagent, alkaline 
nictate solution, is added directly to the purified aqueous extract of 
the drua. After 20 minutes the difference in transmission between the 
extract "and a blank is measured at about 525 mu. As standards the 
U.S.P. diaitalis reference standard tincture and the same tincture of half 
strength are used. 

U.S.P. Xm uses absolute methyl alcohol to extract digitoxin from 
tablets.^^ It is necessary to change the composition of the reagent to 
avoid precipitation of digitoxin and sodium picrate in the final solution. 
To the methyl alcoholic digitoxin solution containing OT to 1-0 mg. in 
10 ml. are added 10 ml. of reagent (2 g. of trinitrophenol dissolved in 
methyl alcohol to 50 ml., 5 ml. of sodium hydroxide solution (1 in 10) 
and water to 100 ml.) and after 30 minutes the transmission is measured 
at about 525 mu. 

The modified Knudson-Dresbach chemical assay has teen criticised 
from different aspects and published results indicate that the values 
obtained are generally higher than the values obtained by bioassay 
procedures. The most serious drawback is that glycosides as well as 
aglucones are determined and reported, as Baljet pointed out. 
Goldstein'- has shown that ageing of digitalis tinctures does not 
apparently affect their potencies according to the chemical assay, which 
is rather improbable. Elmqvist and Liljestrand,'® working vdth infusions 
and pills, point out that while the bioassays (guinea-pig) indicate a rapid 
deterioration of the preparation with time, the potencies obtained by the 
chemical assays are constant or sometimes even increase. Vos and 
Welsh'' have reported similar results. 


Another disadvantage of the Knudson-Dresbach method is that the 
difference between the absorption curve of the picrate ion in alkaline 
solution and the absorption curv’e of the test solution with alkaline 
picrate solution is very small, while difficulties of purely technical kinds 
are present. The Lambert-Beer law is not fulfilled. Lactose interferes as 
it gives a pronounced colour with the alkaline reagent. An advantage is 
that the curves obtained by plotting photometer readings against time 
indicate the presence of interfering substances when the resufting curves 
differ in shape from those obtained with a standard. 


In 1935, Marthoud"'- pointed out that a solution of m-dinitrobenzene 
and heart-active glycosides in ethyl alcohol, on addition of alkali, de- 
velops a bright blue-violet colour. This colour test was quantitatively 
used by Rajunond'" to estimate the amount of ouabain in East African 
arrow poisons prepared from seeds of Strophanthus species and from 
Acocanthera wood. Rasmussen" used the method to estimate ouabain 
in injections. Anderson and Chen" to assay digitoxin. Canback 
modified the method and estimated digitalis, strophanthus'” and uzara 
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equipment is available and interfering substances are known to be absent, 
the method is very rapid. 

Extinction plotted against amount of glycoside present gives a straight 
line when the measurements are made on the peak of the absorption 
curve. If alkali is added, it is possible to follow the isomerisation of the 
glycosides as the peak at 217 mjt gradually disappears, which is a good 
identification of the substance present. 

The following methods depend on a reaction, with the butenolide 
group, the Legal reaction with sodium nitroprusside and alkali, the 
Knudson and Dresbach method with alkaline sodium picrate solution, 
the Raymond method with 7?r-dinitrobenzene in alkaline solution, the 
Kedde method with alkaline sodium 3 : 5-dinitrobenzoate solution and the 
Warren, Howland and Green method with sodium ^-naphthoquinone- 
4-suIphonate. 

The Legal reaction depends on the formation of a red colour when 
sodium nitroprusside is added to an alkaline solution of the glycosides. 
The colour test has been described by Jacobs, Hoffman and Gutus^ and 
has been extensively used in research work on the cardiac glycosides. 
Qualitatively the test is performed so that a relatively large amount 
(0-01 g.) of the glycoside to be tested is dissolved in pyridine and an equal 
volume of water is added. A few drops of a 10 per cent, sodium 
hydroxide solution are added and then 1 ml. of 0-3 per cent, sodium 
nitroprusside solution. When a heart-active glycoside is present, a bright 
red colour develops, which slowly fades. The test has been criticised b^y 
Elderfield^, who proposed the use of potassium ferricyanide instead of 
sodium nitroprusside. Hardegger, Heusser and Blank^ have shown that 
Ihe Legal test is not specific for the butenolide group, but that certain 
related synthetic products also give a positive reaction. The reaction 
probably involves a condensation of the butenolide group with the 
reactive NO group (in alkaline solution), and the colour is probably due 
to salt formation of an isonitroso derivative. 

Kedde® has developed a quantitative method for the assay of digitalis 
preparations based on the Legal reaction. He works in a buffered solu- 
tion of pH 11, and obtains a relatively stable colour. The absorption 
band has a maximiun at about 470 mji. 

Some years ago Knudson and Dresbaeh® used the Baljeff reaction to 
estimate digitalis preparations. The Baljet reaction is based on the Jaffe 
reaction®; creatinine gives with alkaline picrate solution a red colour. 
The glycosides give a red-orange colour when their solutions are treated 
with alkaline picrate solution. The method has recently been of cunent 
interest in the United States of America and Bell and Krantz® especially 
have contributed some interesting investigations. In a series of papers 
they have shown that the method gives reliable results when the trans- 
mission is measured by means of a photoelectric colorimeter.^ In a 
collaborative study^® of the assay of digitalis and its preparations by 
the Baljet reaction and the cat method it was shown that significant 
correlation between the two methods existed, showing that both methods 
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measure the same activity of the drugs. Their method has made 
the basis for method I, Digitoxin Colorimetric Controls, m the U.bT*. 
Xm For the decolorisation of ethyl alcoholic extracts of digitahs leat 
powder they use lead acetate and sodium phosphate. No extraction 
of the dycosides with chloroform is used, but the reagent, alkaline 
picrate solution, is added directly to the purified aqueous extract of 
the drug. After 20 minutes the difference in transmission between the 
extract and a blank is measured at about 525 mu. As standards the 
U.S.P. digitalis reference standard tincture and the same tincture of half 
strength are used. 

U.S.P. Xni uses absolute methyl alcohol to extract digitoxin from 
tablets.” It is necessary to change the composition of the reagent to 
avoid precipitation of digitoxin and sodium picrate in the final solution. 
To the methyl alcoholic digitoxin solution containing OT to TO mg. in 
10 ml. are added 10 ml. of reagent (2 g. of trinitrophenol dissolved in 
methyl alcohol to 50 ml., 5 ml. of sodium hydroxide solution (1 in 10) 
and water to 100 ml.) and after 30 minutes the transmission is measured 
at about 525 m^i. 


The modified Knudson-Dresbach chemical assay has been criticised 
from different aspects and published results indicate that the values 
obtained are generally higher than the values obtained by bioassay 
procedures. The most serious drawback is that glycosides as well as 
aglucones are determined and reported, as Baljet pointed out. 
Goldstein” has shown that ageing of digitalis tinctures does not 
apparently affect their potencies according to the chemical assay, which 
is rather improbable. Ehnqvist and Liliestrand,'^® working with itifusions 
and pills, point out that while the bioassays (guinea-pig) indicate a rapid 
deterioration of the preparation with time, the potencies obtained by the 
chemical assays are constant or sometimes even increase. Vos and 
Welsh” have reported similar results. 

Another disadvantage of the Knudson-Dresbach method is that the 
difference between the absorption curve of the picrate ion in alkaline 
solution and the absorption cur\'e of the test solution with alkaline 
picrate solution is very small, while difficulties of purely technical kinds 
are present. The Lambert-Beer law is not fulfilled. Lactose interferes as 
it gives a pronounced colour with the alkaline reagent. An advantase is 
that the curves obtained by plotting photometer readinas aaainst time 
indicate the presence of interfering substances when the resulting curv^es 
differ in shape from those obtained with a standard. 


pointed out that a solution of m-dinitrobenzene 
and heart-active glycosides in ethyl alcohol, on addition of alkali de- 
vclops a bright blue-violet colour. This colour test was quantitatively 
used by Raymond” to estimate the amount of ouabain in East African 
arrow poisons prepared from seeds of Strophanthus species and from 
Acocanthera wood Rasmussen” used the method to estimate ouabain 

Chen” to assay diaitoxin Canback 
modified the method and estimated digitalis, strophanthus” and uzara 
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preparations^®. The reaction is a special case of the genera! reaction of 
m-dinitrobenzene with active methylene groups in alkaline solution. 

y^iderson and Chen^® use the following technique: 150 to 250 jig, of 
digitoxin is dissolved in 10 ml. of 47-5 per cent, ethyl alcohol and 1 ml. of 
a 1 per cent. 7?2-dinitrobenzene solution in absolute ethyl alcohol is added. 
The mixture is placed in an ice-bath for 5 to 10 minutes. Then 2 ml. 
of a 20 per cent, solution of sodium hydroxide is added and the mixture 
returned to the ice-bath. Exactly 5 minutes after the addition of the 
sodium hydroxide the transmission is measured in a photoelectric colori- 
meter equipped with an orange filter. Water is used as a blank. The 
amount of digitoxin present is read from a standard curve. The colour 
fades fairly rapidly and it is necessary to read exactly 5 minutes after the 
addition of the alkali. The colour intensity is dependent on the alcoholic 
strength and the temperature, both of which must be rigidly controlled. 

To overcome most of the difficulties the following technique*® for the 
estimation of digitoxin tablets has been used in this laboratory ; — 

As much of well powdered tablets as corresponds to 800 nS- 
digitoxin is weighed into a 15-mI. centrifuge tube and 10-00 ml. of methyl- 
ene chloride is added. The tube is immediately closed with a cork 
covered with tinfoil and shaken in a machine for 30 minutes. Then the 
mixture is centrifuged at 2,000 r.p.m. for some minutes. 5-00 ml. of 
the clear solution is transferred to a beaker and the methylene chloride 
evaporated in a vacuum at 50°C. The residue containing the glycoside 
and any lubricant that may be present (stearic acid), is treated with 5 ml. 
of 50 per cent, ethyl alcohol and carefully warmed to about 70°C. for a 
few seconds. This warming is necessary to dissolve the glycosides under 
the prescribed conditions. The solution is cooled and the separated 
stearic acid removed by filtration. The filtrate is adjusted to 6-00 ml. with 
50 per cent, ethyl alcohol. To this solution 2-00 ml. of 10 N sodium 
hydroxide solution is added. At the same moment as the alkali is added 
a stop watch is started and the extinction is determined at about 620 mi^ 
every 30 seconds. The logarithms of the extinctions were plotted against 
time and a straight line is obtained. Log extinction at zero time is read 
from the graph. A standard curve is prepared from “ zero ” extinctions, 
obtained with weighed amounts (200 to 600 ng.) of digitoxin. 

In this modification the Raymond method is unaffected by reasonable 
variations in alcoholic strength of the final solution and by temperature 
variations within the range 17° to 23°C. From measurements made on 
digitoxin, cymarin, strophanthin, ouabain, gitoxin, digitoxigenin, 
strophanthidin, and on the synthetic analogue |S-phenyl-A“:^'butenolide 
the extrapolated molar “ zero ” extinction coefficient has been found to be 
about 12,000 or log e = 4-08 at 620 m^. Lactose interferes, therefore it 
is preferable to extract digitoxin with methylene chloride, instead of with 
chloroform, from tablets containing this sugar. Injections, even those 
containing glycerol, are diluted with ethyl alcohol and directly estimated. 

The Raymond method has the following advantages over the 
Knudson-Dresbach method. The absorption maximum lies far in the 
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red part of spectrum at 620 mu, and thus yellow and red colours from 
impurities have a less serious egect on the measurements than in the 
Knudson-Dresbach method. The reagent is colourless and stable for 
some days. The measurements are made very rapidly. Another positive 
character is that the glycosides from SdUa and Helleboriis do not give 
colours. A disadvantage is that it is necessary to work with speed in 
order to obtain sufficient points to construct the curve. The Raymond 
method, hke the Knudson-Dresbach method, makes no distinction be- 
tween glycosides and aglucones. 

The Raymond method has been discussed more in detail than the 
other methods because in my opinion this method is the most pro- 
mising of those acting on the lactone side chain. In combination with 
one of the methods discussed below acting on the sugar moiety, it 
seems possible to devise a good chemical assay of digitalis preparations. 

A new reagent for digitalis glycosides has recently been proposed by 
Kedde®. He uses 3 ; 5-dinitrobeozoic acid in alkaline solution to estimate 
the sum of glycosides and aglucones. The mechanism of the reaction 
is probably the same as in the Raymond reaction. 

Another new reagent is sodium p-naphthoquinone'4-sulphonate used by 
Warren, Howland and Green-' for the estimation of digitoxin. Ehrlich 
and Herter-® and Feigl and Frehden-*’-' described the use of the reagent 
for the detection of active methylene groups. The colour produced is 
probably due to the formation of a quinoid condensation product. The 
condensation reaction is carried out in alkaline solution and the colour 
produced is purple. On acidihcation with acetic acid a stable yellow 
colour is obtained which may be extracted by dibutyl phthalate. 

Warren, Howland and Green-' assay digitoxin tablets in the foUowing 
way. Tablets are ground to a gne powder, which is extracted with boiling 
chloroform. After filtenng, the volume is adjusted and an aliquot part, 
corresponding to 200 ug. of digitoxin, is evaporated in an Erlenmeyer 
flask on a steam bath. OT ml. of chloroform is added and the flask is 
shaken to wet all the residue. Then 4 ml. of alcohol and 0-5 ml. of 
0-05 N sodium hydroxide solution are added. The flask is placed in 
a 100 C. bath and after 1 minute 1 ml. of the reagent (containing 
0-024 per cent, of sodium P-naphthoquinone-4-sulphonate and 0 024 per 
cent, of sodium sulphite in distilled water) is rapidly added. One and 
one-half minutes after the addition of the reagent 0-5 ml. of acetic acid 
solution (containing 1 3 per cent, of acetic acid in alcohol) is added with 
agitation. The flask is removed from the bath, and cooled under the 
tap. The volume is adjusted to 25 ml. with alcohol and the transmission 
• measured within 2 hours at about 450 m«. A blank is prepared in the 
same manner omitting the digitoxin. As aldehydes aive a positive 
reaction with the reagent, aldehyde-free ethyl alcohol must be used. 


As expected, the authors report that lanatoside A (diaitoxin derivative) 
and lanatoside C (digoxm derivative) gave a strong positive reaction. 
Curiously, however, gitoxm and its derivative lanatoside B oave onlv 
a weakly positive test. The only structural difference between^diaitoxin 
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and gitoxin is the additional hydroxy] group on Cie, and it is hard to 
believe that this hydroxyl group could interfere. The slight solubility 
of gitoxin may be responsible for the different behaviour of the glycoside. 
Digitonin gave a negative reaction. 

Methods Dependent on the Sugar Moiety of the Glycosides 

Many methods for the detection and determination of the sugars in 
the^ heart-active glycosides have been reported. All the digitalis gly- 
cosides of interest are built up according to the same scheme: — agluc- 
one + 3 digitoxose (-F glucose). The strophanthus glycosides contain 
other sugars instead of digitoxose, for instance, ouabain contains rham- 
nose, strophanthin-k p-cymarose and glucose, and cymarin, cymarose. 

On the basis of a sugar determination it is for the moment a technically 
easier task to devise an assay method which is specific for the glycosides 
and excludes the aglucones, than to construct one on the basis of a 
determination of the butenolide side chain. In the first case it is only 
necessary to extract the glycosides and the aglucones from an aqueous 
or ethyl alcoholic extract and to determine the sugars which are set free 
in a separate hydrolytic reaction. In the latter case it is necessary to 
separate glycosides and aglucones by a tedious process and then to 
estimate the glycosides. When working with a sugar method it is, how- 
ever, always a good thing to remember that the part of the molecule 
actually measured is not the specific one. On principle those methods 
which depend on a reaction with the butenolide side chain should there- 
fore be preferred. 

Of the proposed colorimetric sugar methods only two recently de- 
scribed modifications of the KeUer-Kiliani test will be discussed. The 
Keller-Kiliani test depends on the colours obtained when concentrated 
sulphuric acid is added to digitoxose dissolved in glacial acetic acid 
containing traces of ferric chloride. As early as 1906 Cloetta and 
Fischer^= tried this method for the estimation of heart-active glycosides. 

Recently James. Laquer and McIntyre^** have described a modification 
that has been introduced in the U.S.P. XIII as Method II, Digitoxin 
Colorimetric Controls. They assayed digitoxin tablets in the following 
way. Ground tablets corresponding to 4 mg. of digitoxin were extracted 
overnight with 50 ml. of chloroform. The supernatant chloroform was 
filtered and the residue extracted 6 times with 5-ml. quantities of 
chloroform. The volume was adjusted and an aliquot part of the chloro- 
form solution corresponding to 200 ng. of digitoxin was evaporated to 
dryness. To the residue were added 3 ml. of glacial acetic acid, 0-10 ml- 
of 5 per cent, ferric chloride solution (FeCl3.6H20) and 0-25 ml. of con- 
centrated sulphuric acid. The transmission was measured at 15-minute 
intervals until a maximum reading was reached, usually within 15 to 45 
minutes. The light filter had a maximum transmission between 500 
and 570 m^. The Lambert-Beer law is fulfUled. 

In assaying injections containing glycerol it is necessary to prepare a 
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Special graph from measurements made on solutions containing known 
amounts of glycerol and digitoxin. 

In a comprehensive study Soos"' has investigated the details of the 
Keller-Kiliani test when applied to digitalis leaf. He used the reagent 
recommended by Lindewald-«-», which consists of 97 mL of glacial 
acetic acid, 2 ml. of concentrated sulphuric acid and 1 ml. of a 5 per cent, 
ferric chloride aqueous solution. Soos assays digitalis leaf in the follow- 
ing way. 1-50 g. of powdered leaf is moistened with a small quantity 
of water in a mortar and allowed to swell during 15 minutes. 'Hie'n the 
mixture is washed into a flask with water and the weight adjusted to 
151-5 g. The mixture is shaken now and then during 1 hour. After 
that 15 ml. of a 15 per cent, lead acetate solution is added. The 
precipitate is allowed to settle and the clear supernatant solution is 
filtered. 110 g. of the filtered solution, corresponding to TOO g. of the 
drug, is extracted with 3 x 25 ml. of chloroform. The chloroform solu- 
tion is dried with sodium sulphate and filtered into an Erlenmeycr flask. 
The chloroform is distflled off and the residue dissolved in 10 ml. of 
freshly prepared reagent. The extinction is measured at 30-minute in- 
tervals and the maximum value recorded during 5 hours. As the reaction 
is sensitive to light it is preferable to let the solution stand in the dark 
during this time. The absorption curve has a maximum at 570 m[i. 

Soos points out that unknown impurities in the glacial acetic acid 
he used had a very pronounced effect on the development of the colour. 
Thus it is necessary to construct a graph with the glacial acetic acid 
actually used. As standard substances either digitoxin or digitoxose may 
be used. Drawbacks of the methods are that the development of the 
colour takes 2 to 5 hours and that the extraction of the glycosides from 
the aqueous extract with chloroform is never quantitative. Usually 
about 80 per cent, is recovered. The presence of saponins in the drug 
decreases the yield obtained by extraction. Nevertheless, the method 
probably is the best of the known methods for assaying digitalis leaf. 
It is the only method that measures the glycosides present in the drug 
excluding the aglucones. But. as pointed out previously, the method 
has the defect of not measuring an essential part of the heart-active 
molecule. 

The time seems to be near when the pharmacopceias will have seri- 
ously to discuss the problem of the assay of drugs containing heart- 
active glycosides in the light of the experience gained with chemical 
methods. A combination of a method assaying the total amount of 
glycosides and aglucones present, and a method assaying only glycosidex 
would appear to define most of the necessary characteristics of the druas. 
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and gitoxin is the additional hydroxy] group on Qe, and it is hard to 
believe that this hydroxyl group could interfere. The slight solubility 
of gitoxin may be responsible for the different behaviour of the glycoside. 
Digitonin gave a negative reaction. 

Methods Dependent on the Sugar Moiety of the Glycosides 

Many methods for the detection and determination of the sugars in 
the heart-active glycosides have been reported. All the digitalis gly- 
cosides of interest are built up according to the same scheme; — agluc- 
one + 3 digitoxose (+ glucose). The strophanthus glycosides contain 
other sugars instead of digitoxose, for instance, ouabain contains rham- 
nose, strophanthin-k p-cymarose and glucose, and cymarin, cymarose. 

On the basis of a sugar determination it is for the moment a technically 
easier task to devise an assay method which is specific for the glycosides 
and excludes the aglucones, than to construct one on the basis of a 
determination of the butenolide side chain. In the first case it is only 
necessary to extract the glycosides and the aglucones from an aqueous 
or ethyl alcoholic extract and to determine the sugars which are set free 
in a separate hydrolytic reaction. In the latter case it is necessary to 
separate glycosides and aglucones by a tedious process and then to 
estimate the glycosides. When working with a sugar method it is, how- 
ever, always a good thing to remember that the part of the molecule 
actually measured is not the specific one. On principle those methods 
which depend on a reaction with the butenolide side chain should there- 
fore be preferred. 

Of the proposed colorimetric sugar methods only two recently de- 
scribed modifications of the Keller-Kiliani test will be discussed. The 
Keller-Kiliani test depends on the colours obtained when concentrated 
sulphuric acid is added to digitoxose dissolved in glacial acetic acid 
containing traces of ferric chloride. As early as 1906 Cloetta and 
Fischer^^ tried this method for the estimation of heart-active glycosides. 

Recently James, Laquer and McIntyre'® have described a modification 
that has been introduced in the U.S.P. XIII as Method II, Digitoxin 
Colorimetric Controls. They assayed digitoxin tablets in the following 
way. Ground tablets corresponding to 4 mg. of digitoxin were extracted 
overnight with 50 ml. of chloroform. The supernatant chloroform was 
filtered and the residue extracted 6 times with 5-ml. quantities of 
chloroform. The volume was adjusted and an aliquot part of the chloro- 
form solution corresponding to 200 ng- of digitoxin was evaporated to 
dryness. To the residue were added 3 ml. of glacial acetic acid, 0-10 ml 
of 5 per cent, ferric chloride solution (FeCls-fiHsO) and 0-25 ml. of con- 
centrated sulphuric acid. The transmission was measured at 15-minute 
intervals until a maximum reading was reached, usually within 15 to 45 
minutes. The light filter had a maximum transmission between 500 
and 570 mu. The Lambert-Beer law is fulfilled. 

In assaying injections containing glycerol it is necessary to prepare a 
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special graph from measurements made on solutions containing known 
amounts of glycerol and digitoxin. 

In a comprehensive study Soos-" has investigated the details of the 
KeUer-Kiliani test when applied to digitalis leaf. He used the reagent 
recommended by Lindewald^®’^®, which consists of 97 mL of facial 
acetic acid, 2 ml. of concentrated sulphuric acid and 1 ml. of a 5 per cent, 
ferric chloride aqueous solution. Soos assays digitalis leaf in the follow- 
ing way. 1-50 g. of powdered leaf is moistened with a small quantity 
of. water in a mortar and allowed to swell during 15 minutes. Theh the 
mixture is washed into a flask with water and the weight adjusted to 
151‘5 g. The mixture is shaken now and then during 1 hour. After 
that 15 ml. of a 15 per cent, lead acetate solution is added. The 
precipitate is allowed to settle and the clear supernatant solution is 
filtered. 110 g. of the filtered solution, corresponding to TOO g. of the 
drug, is extracted with 3 x 25 ml. of chloroform. The chloroform solu- 
tion is dried with sodium sulphate and filtered into an Erlenmeyer flask. 
The chloroform is distilled off and the residue dissolved in 10 ml. of 
freshly prepared reagent. The extinction is measured at 30-minute in- 
tervals and the maximum value recorded during 5 hours. As the reaction 
is sensitive to light it is preferable to let the solution stand in the dark 
during this time. The absorption curve has a maximum at 570 mu. 

Soos points out that unknown impurities in the facial acetic acid 
he used had a very pronounced effect on the development of the colour. 
Thus it is necessary to construct a graph with the glacial acetic acid 
actually used. As standard substances either digitoxin or digitoxose may 
be used. Drawbacks of the methods are that the development of the 
colour takes 2 to 5 hours and that the extraction of the glycosides from 
the aqueous extract with chloroform is never quantitative. Usually 
about 80 per cent, is recovered. The presence of saponins in the drug 
decreases the yield obtained by extraction. Nevertheless, the method 
probably is the best of the known methods for assaying digitalis leaf. 
It is the only method that measures the glycosides present in the drug 
excluding the aglucones. But, as pointed out previously, the method 
has the defect of not measuring an essential part of the heart-active 
molecule. 

The time seems to be near when the pharmacopceias will have seri- 
ously to discuss the problem of the assay of drugs containing heart- 
active glycosides in the light of the experience gained with chemical 
methods. A combination of a method assaying the total amount of 
glycosides and aglucones present, and a method assaying only glycoside.s. 
would appear to define most of the necessary characteristics of the drugs. 


1 . 

2 . 

3. 

4. 

5. 


References 

Gold J A mer. pharm. Asj., Pract. Ed., 1947. 8, 594 
Jacobs Hofiman and Gustus, J. biol. Chem. 1926 70 1 

Elderficld. J. org. Ch’cm.. 1941,’ 6,' 273 
Blank, Helv. chim. Acta., 1946, 29, 477. 

Leiden, 1946."’' von Dlgiwlis-prcparatc,. Diss.. 


209 


TEODOR CANBACK 


6. Knudson and Dresbach, J. Pharmacol., 1923, 20, 205. 

7. Baljet, Schweiz. Apoth. Ztg., 1918, 56, 71, 89. 

8. Jaffe, Hoppe-Seyl. Z., 1886, 10, 390. 

9. Bell and Krantz, J. Pharmacol., 1945, 83, 213. 

10. Bell and Krantz, J. Amcr. pharm. Ass., Sci. Ed., 1946, 35, 260. 

11. Bell and Krantz, J. Pharmacol., 1946, 87, 198. 

12. Goldstein, J. Amer. pharm.- Ass., Sci. Ed., 1947, 36, 296. 

13. Elmqvist and Liljestrand, Ada physiol. Scand., 1946, 12, 53. 

14. Vos and Welsh, J. Pharmacol., 1945, 85, 346. 

15. Marthoud, Contribution d V etude de I’ejnploi dcs dinitrohenzencs commc 

reactifs du groupment carhonulc, Diss., Lyon. 1935. 

16. Raymond, Analyst, 1938, 63, 478; 1939, 64, 11. 

17. Rasmussen, Dansk. Tidsskr. Farm, 1944, 18, 48. 

18. Anderson and Chen, J. Amer. pharm. Ass., Sci. Ed., 1946. 35, 353. 

19. Canback, Svensk farm. Tidskr, 1947, 51, 261. 

20. Canback. ibid., 1947, 51, 401. 

21. Warren, Howland and Green, J. Amer. pharm. Ass., Sci. Ed.. 1948. 37, 186. 

22. Ehrlich and Herter, ' Hoppc-Seyl. Z., 1904, 41, 329. 

23. Feigl and Frehden, Mikrochemie, 1934, 16, 79. 

24. Feigl, Qualitative Analysis by Spot Tests, Elserier, New York — Amsterdam. 

1946, pp. 389-392. 

25. Cloetta and Fischer, Arch. exp. Path. Phannak., 1906, 54, 294. 

26. James. Laquer £md McIntyre, J. Amer. pharm. Ass.. Sci. Ed.. 1947. 36, 1, 

27. Soos, Scientia Pharm., 1948, 16, 1, 29. 

28. Lindewald, Farm. Notisbl., 1939, 48, 39. 

29. Lindewald, Pharm. Zentralb., 1944, 85, 80. 



RESEARCH PAPERS 

SYNTHETIC (ESTROGENS 
By Edward R. Clark and W. H. Linnell 

From the Pharmaceutical Chemistry Research Laboratories, the School of 
Pharmacy, University of London 


Received November 4, 1948 


It is remarkable that all the most active synthetic cestrogens, \yith the 
exception of the oestrogenic carboxylic acids of the doisynolic acid type, 
possess two phenolic hydroxyl groupings, and in this respect differ from 
the potent natural mstrogen, cestradiol (I), which has one phenolic and 
one alcoholic hydroxyl. It was considered of interest, therefore, to 
synthesise the compound II in an attempt to obtain a synthetic mstrogen 
resembling, more closely, the cestradiol structure with regard to the 
chemical nature of the functional groupings. 
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Attempts to synthesise 4-ethyl-5-(p-anisyl)-A'‘’®-heptenoic acid as an 
intermediate in the production of II were unsuccessful. Ethyl 
4-(p-methoxybenzoyl)-caproate (III) was obtained from ethyl jB*iodopro- 
pionate^ and the sodium enolate of p-methoxybutyrophenone=. 
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Treatment of III with one molar equivalent of ethyl magnesium iodide, 
or ethyl lithium, did not yield the anticipated hydroxyester. Similarly 
treatment of 4-{p-methoxybenzoyl)-caproic acid with three equivalents of 
ethyl magnesium iodide gave a theoretical recovery of the keto-acid. 

An attempt to condense ethyl a(p-anisyl)-butyrate with diethyl suc- 
cinate using sodium as the condensing agent yielded succinyl succinate 
as the sole product. Similar results were obtained in the attempted 
condensation of ethyl <i-phenylbutyrate with succinic ester using alcohol- 
free sodium ethoxide and -phenylbutyryl chloride with succinic ester 
using Iriphcnylmethyl sodium. 

The successful reaction between 6'methoxytetralone and ethyl f-bTomo- 
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propionate using magnesium in toluene to produce j3-(6-methoxy-3:4- 
dihydronaphthyl-(l))-propionic acid^, suggested that a similar reaction 
using 4-(p-anisyl)-3-hexanone (IV) in place of 6-methoxytetraIone would 
yield the required intermediate. 

The 4-(p-anisyl)-3-hexanone required was obtained by the action of 
diethyl cadmium on a-(p-anisyl)-butyryl chloride, the product being found 
to be identical with that formed by the action of ethyl iodide on 
p-methoxybenzyl-ethyl-ketone in the presence of alcohol-free sodium 
ethoxide*. On refluxing ethyl jS-bromopropionate^, magnesium and 
4-'(/7-anisyl)-3-hexanone in toluene only a very poor yield of the product 
V was obtained. Substituting ethyl j3-iodopropionate for the bromo 
analogue and conducting the experiment in ether gave a similar poor 
yield of V. 
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An attempt to remove the elements of water from this by heating on 
a water-bath with 2 per cent, of iodine for 1 hour was unsuccessful. 

The preparation of the Grignard complex from y-methoxyamyl 
chloride® proved difficult, 6 horns’ refluxing with activated magnesium 
in ether being required for completion of the reaction. Addition of 
4-(p-anisyl)-3-hexenone to 2 equivalents of this Grignard complex 
gave, on working up in the normal way, a 67 per cent, yield 0 
3-(p-anisyl)-4-ethyl-7-methoxy-4-nonanol (W). Dehydration by heating 
on a water-bath for 1 hour with 1 per cent, of iodine yielded an ethylemc 
compound. Ozonolysis of this compound gave an 88 per cent, yield ot 
p-methoxypropiophenone, identified as its 2 : 4 -dinitrophenylhydrazone 
and indicated VII as the structure of the olelene. 
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Demethylation of VII was achieved by heating with hydrogen brom- 
ide and acetic acid in an atmosphere of carbon dioxide for 2 hours. 
Purification of the product by adsorption chromatography on alumina 
yielded a viscous brown oil which contained no methoxyl and two active 
hydrogens. Carbon and hydrogen analysis agreed with that calculated for 
3(p-hydroxyphenyl)-4-ethyl-7-hydroxy-A®’'*-nonene (11). The failure to 
isolate the two possible geometrical isomers on chromatographic adsorp- 
tion of II suggests that the product consisted of only one isomer. The 
use of iodine for the formation of the double bond and hydrogen bromide 
for demethylation of VII supplied conditions suitable for the intercon- 
version of geometrical isomers and would be expected to produce the 
more stable form which in most cases of cis-trans pairs has the trans- 
configuration. It appears likely, therefore, that the compound II 
possesses the trans structure. 

V/e are indebted to Professor Buttle and Dr. F. I. Dyer, of the Pharma- 
cological Department of this School for the biological examination of 
compounds VII and II. The dimethyl ether VII was found to be inactive 
on administration in arachis oil solution of 20 mg. per 20 g. mouse. The 
phenolic alcohol 11, in propylene glycol solution, was found to possess 
less than 1 /40,000 of the activity of stilboestrol. 

Experimental 

Ethyl 4-{'p-}}ietho.xybeiizoyl)caproate. 

QHs ' 

CH30.C6H»C0.CHCHs.CH.C00C:H5. 

The sodium enolate of p-methoxybutyrophenone was prepared by 
adding 50 g. of the ketone, dissolved in 50 ml. of dry benzene, in 10 
aliquot parts at 10 minute intervals, to 12 g. of finely powdered sodamide 
in 250 ml. of dry benzene, the mixture being refluxed vigorously until no 
further ammonia was evolved. To the cooled benzene solution was 
added gradually, with rapid stirring, a solution of 55-6 g. of ethyl 
P-iodopropionate in 30 ml. of dry benzene, the reaction flask being 
kept cold in an ice bath. After completion of the addition, stirring was 
continued for 1 hour at room temperature and then with refluxing for 30 
minutes. The cooled product was poured into 300 ml. of water, the 
benzene layer was separated and the aqueous layer extracted twice with 
bcnKne. The combined benzene solution and extracts were washed with 
sodium thiosulphate solution and finally dried over anhydrous sodium 
sulphate. Evaporation of the benzene and distillation of the residue in 
vacuo yielded a golden yellow oil, b.pt. 180° to 182°C./l-2 mm. Yield, 
35 to 40 percent, of theoretical. Found: Eq. Wt. 273; requires 

4-{i)-mcthoxybenzoyDcaproic acid. CHjOCaH^Ccl.CH.CHo.CH-.COOH 
10 g. of the ethyl ester were refluxed with 100 ml. of N alcoholic 
potash for 3 hours. The cooled solution was diluted to 500 ml with 
water and acidified with hydrochloric acid. The acid was filtered o!T 
and rccrystalliscd from 40 per cent, aqueous alcohol, yielding 8-5 g. ( 94-5 
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per cent, of theory) of creamy white crystals, m.pt. 83-5° to 84°C. Found: 
C, 66-5; H. 6-86; CH3O, 10-9 per cent., Eq. Wt. 250-8: requires 

C, 67-2: H, 7-2; CH3O, 12-4 per cent., Eq. Wt. 250. 

Diethyl p-methoxyphenylethylmalonate. 

23-3 g. of sodium was added to 330 g. of absolute alcohol. After the 
solution had cooled to about 60° C. a mixture of 150 g. of ethyl oxalate 
and^ 194 g. of ethyl p-methoxyphenyl acetate’’ was added quickly with 
rapid stimng. The temperature, which dropped to about 40° C., was 
brought back to 60° C. and held at that temperature until the sodium 
salt of p-methoxyphenyl oxalacetic ester separated thickly. This occurred 
in about 2 or 3 minutes. The mixture was held at 60° C. for a further 
30 minutes, after which the sodium salt was acidified with 70 g. of 
concentrated sulphuric acid diluted with 200 ml. of water. The mixture 
formed two layers. After- verifying that the aqueous layer was acid to 
congo-red, the ester was taken into benzene, care being taken to avoid 
the crystallisation of sodium sulphate decahydrate by keeping the tem- 
perature above its melting-point. The benzene was distilled under 
reduced pressure. The distillation flask was then fitted with a still head 
carrying a thermometer dipping beneath the surface of the liquid, and an 
air condenser. The ester was heated on an oil bath, raising the tempera- 
ture to 190° C. in 30 minutes and held at that temperature for a further 
hour. The crude p-methoxyphenylmalonic ester was then fractionated 
under reduced pressure yielding 235 g. (86-5 per cent, of theoretical) of 
a yellow oil. B.pt. 159° to 16rC./2 mm. Hg. 

Diethyl p-methoxyphenylethylmalomte. CH30C6H4.C(C2H5)(C00C2H5)j. 

14-6 g. of sodium was dissolved in 175 ml. of absolute alcohol and to 
the solution of sodium ethoxide so formed was added, at 50° to 60° C, 
180 g. of diethyl p-methoxyphenylmalonate. When the temperature had 
fallen to about 35° C, 103-75 g. of ethyl iodide were added as rapidly as 
possible and the temperature held at 35° C. for 6 hours with stirring. The 
alcohol was then removed by distillation, the residue diluted with 250 ml. 
of water and made acid to methyl red with acetic acid. A little sodium 
sulphite was added to remove any free iodine and the ester taken into 
benzene. After removal of the solvent the ester was distilled under 
reduced pressure, yielding 164 g. of a yellow oil with a boiling point 
identical with the starting material. Yield, 82-5 per cent, of theoretical. 
Eq. Wt. found 147-7; C15H22O requires 147. 
a-ip-Anisyl)-butyric acid. CH30CcH4CH(C2H5)C00H. 

100 g. of p-methoxyphenylethylmalonic ester were saponified by reflux- 
ing on a water-bath with 750 ml. of 10 per cent, alcoholic potash for 3 
hours. The cooled solution was diluted with 3 1. of water and acidified 
with hydrochloric acid and the precipitated acid filtered off at the pump. 
Evaporation of the filtrate to about half its volume gave, on cooling, a 
fourth crop of crystals. Reciystaliisation from light petroleum (40° to 
60°C.) yielded 63 g. of needle-shaped crystals, m.pt. 64° to 65°C. Yield, 
92 per cent, of theoretical. Found ; C, 68-5; H, 7-3; CH3O, 14-9 per cent., 
Eq. Wt. 193. C11H14O3 requires C, 68-8; H, 7-2; CH3O, 16-0 per cent., 
Eq. Wt. 194. 
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a-{p-Amsyl)-butyryl chloride. CH30C6H4CH(C..H5)C0C1. 

39 2 . of a-(p-anisyl)-butyric acid was refluxed with 70 g. of thionyl 
chloride for 3 hours. The excess of thionyl chloride was distilled off 
and the residue distilled under reduced pressure, yielding a pale yellow 
pungent liquid. B.pt. l20°C./4 mm. Hg. pressure. Yield 40 g., 94 
per cent, of theoretical. 

4-[y)-Anisyl)-3-hexanone. CH30.CsH4CH(C3H5).C0.C;H5. 

Ethyl magnesium bromide was prepared from 13-6 g. of ethyl bromide 
and 3 g. of magnesium in 100 ml. of absolute ether. The solution was 
cooled in an ice bath and 12 g. of dry, finely powdered cadmium chloride 
added. After refluxing for 45 minutes the mixture gave no colour with 
Michler’s ketone indicating the absence of any Grignard complex. The 
reflux was replaced by a condenser set for distillation and nearly all 
the ether removed by heating on a water-bath. 50 ml. of dry benzene 
was then added and 20 ml. distilled. A further 50 ml. of dry benzene 
was then added to the mixture. The reflux condenser was replaced 
and to the cooled benzene solution of diethyl cadmium, was added, with 
stirring, a solution of 2T3 gm. of -(p-anisyl)-butyryl chloride in 20 ml. 
of benzene, during about 3 minutes. The mixture was stirred at room 
temperature for 15 minutes and then at 40°C. for 2 hours. The cooled 
reaction mixture was decomposed by pouring on to 150 g. of ice and 
70 ml. of 2N sulphuric acid. The benzene layer was separated and 
the lower aqueous layer shaken with three further quantities of benzene. 
The combined benzene solution and extracts were washed with dilute 
sodium carbonate solution and finally dried over anhydrous sodium 
sulphate. The benzene was removed under reduced pressure and the 
crude ketone fractionated, yielding a colourless oil boiling at 132° to 
134°C./2-5 mm, Hg. pressure. Yield, 71 per cent, of theoretical. 

Semicarbazone: ra.pt. 131-5° to 132°C. Found; C, 64; H, 8-05; 
N, 15-4 per cent.; CuHniNaO requires C, 63-8; H, 7-96; N, 15-9 per cent, 
2:4-Dmitrophenylhydrazone: m.pt. 91-5 to 92°C. Found: C, 58-8; 
H. 5-7; N, 14-8 per cent.; requires C, 59-25; H, 5-45; N, 14-5 

per cent. 

.t-(p-/l nisyl)-4-meihyl~A^-*-hexene, CH 30 .C 6 H 4 .C(C 3 H 3 ) : ClCHsl.C^H^. 

5-15 g. of 4'(p-anisyl)-3-hexanone, dissolved in 20 ml. of absolute 
other, was added during 15 minutes, with cooling and stirring, to 1-5 
equivalents of methyl magnesium iodide in 30 ml. of ether. The mixture 
was then refluxed for 3 hours, cooled, and then decomposed by pouring 
on to 50 g. of ice and 35 ml. of dilute sulphuric acid. The ethereal layer 
was separated and the aqueous portion extracted thoroughly with ether. 
The combined ethereal solution and extracts were washed with sodium 
thiosulphate solution and dried over anhydrous sodium sulphate. Dis- 
tillation yielded a colourless oil boiling at 99° to 105°C./0-8 mm 
pressure. Yield 3-38 g. 

Distillation, under reduced pressure, of this oil with 2 per cent of 
■odinc and purification of the distillate in the normal manner yielded a 
colourless oil distilling at a bath temperature of 95° to 100° C. and 0-05 
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mm. Hg. pressure. Found C, 81-56; H, 9-3; CH3O. 15-3 per cent; 
C14H20O requires C, 82-3; H, 9-8; CH3O. 15-2 per cent. 

The compound contained no active hydrogen. 

Demethylation of 3-(p-AmsyI)-4-methyl-A.^’^-hexene. 

1-5 g. of the above methoxy compound was heated with three equiva- 
lents of methyl magnesium iodide under a reflux condenser, the tem- 
perature being raised slowly to 165°C. and then maintained at this 
temperature for 3 hours. The cooled reaction mixture was then decom- 
posed with ice and dilute sulphuric acid, the ethereal layer separated 
and the aqueous layer extracted with ether. The combined ethereal solu- 
tion and extracts were washed with sulphate solution and then extracted 
with dilute aqueous sodium hydroxide. Acidification of the alkaline 
extract with dilute sulphuric acid, extraction with ether and distillation 
yielded a yellow glass distilling at 108° to 118°C./0-8 mm. Hg. pressure. 
Ethyl 4-ethyl-5-(^-anisyl)-4-hydroxyheptanoate. 

CH30CoH4.CH.C(OH)(CH3)3COOC3H3. 

HsCo QHs 

A. 5-15 g. of 4-(p-anisyl)-3-hexanone was refluxed with 0-61 g. of 
magnesium and 4-43 g. of ethyl j6-bromopropionate in 50 ml. of 
dry toluene. Addition of 0-3 g. of iodine started the reaction. After 
3 hours refluxing, the mixture was cooled and decomposed with 
ice and dilute sulphuric acid, the toluene layer separated and the 
aqueous layer extracted with ether. The combined toluene solu- 
tion and ethereal extracts were washed with dilute sodium thio- 
sulphate solution and finally dried over anhydrous sodium sul- 
phate. DistUlation yielded 0-38 g. of a light yellow, semi-solid 
substance boiling at 145° to 155°C./0-3 mm. Hg. pressure. 

B. As method A, except for the use of ethyl p-iodopropionate in place 
of the jS-bromo analogue and ether instead of toluene. 6 hours 
refluxing was required for solution of the magnesium. On work- 
up, as before, there was obtained a yellow semi-solid fraction 
distilling at 115° to 120°C./0-05 mm. Hg., which proved to 
be the same as that obtained in A. Yield, 0-55 g. Found: 
C, 69-7; H, 8-7; CH3O, 10-7 per cent.; C18H35O4 requires C, 70-1; 
H, 9-08; CH3O, 10-05 per cent. 

3-(p-Anisy[)-4-ethyl-7-methoxy-4-nonanol. 

CH30C6H4.CH.(C3H3).C(0H).(CH3)3.CH.(0CH3)C3H3 

QHs 

. 1-2 g. of magnesium turnings, 30 ml. of dry ether and 6-8 g. of freshly 
distilled -y-methoxyamyl chloride were refluxed together, with stirring. 
Two or 3 drops of methyl iodide helped to initiate’ the reaction which 
was very slow, requiring 6 hours for completion. To the cooled ethereal 
solution of -y-methoxyamyl magnesium chloride was added, during 30 
minutes, 5-15 g. of 4-(p-anisyl)-3-hexanone dissolved in 10 ml. of dry 
ether Stirring was continued and the mixture refluxed for 4 hours. De- 
composition of the complex with ice and dilute sulphuric acid, yielded, 
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on workiii'’ up, 5-15 s. of a viscous yeUow oil boiling at 140“ to 
145°C./0-04 mm. Hg. pressure. Found: C, 74-3; H, 10-38; CH3O, 20-06 
pet cent.; requires C. 74-02; H, 10-39; CH3O. 20-13 per cent. 

3-[v-Amsyl)-4-ethyl-7-inethoxy-b.^'^-nonene. 

CH30CbH..C(C3H3) : C(C3H3).(CH3)..CHC0CH3).C3H3 

4-5 g. of 3-(]7-anisyl)-4-ethyl-7-methoxy-4-nonenol and 50 mg. of iodine 
were heated together on a water-bath for 1 hour under a reflux air 
condenser. The resultant dark brown oil was dissolved in ether, washed 
with sodium thiosulphate solution and the ethereal solution then dried 
over anhydrous sodium sulphate. Distillation yielded a light yellow oil, 
boiling at 130° to 135°C./0-l mm. Hg. pressure. Found: C, 78-08; 
H, 10^08; CH3O, 21-48 per cent.; C19H30O2 requires C, 76-63; H, 10-34; 


CH3O, 21-38 per cent. 

Ozonised oxygen was passed into a solution of 0-5 g. of the above 
ethylenic compound in 50 ml. of chloroform for the calculated time. The 
chloroform was then removed under reduced pressure and the ozonide 
decomposed with iced water. Extraction with ether and evaporation of 
the solvent yielded a semi-solid residue. This was dissolved in light 
petroleum (40° to 50 °C.) and passed through a column of activated 
alumina. The chromatogram showed three zones, (1) a narrow dark band 
at the top, (2) a broad pale-yellow zone, (3) a narrow band exhibiting a 
blue fluorescence under ultra-violet light, near the bottom. Washing with 
light petroleum removed the lowest band, but continued washing did 
not appear to remove the yellow zone. Elutriation with benzene and 
ether removed the yellow zone leaving a small dark brown band at the 
surface. Evaporation of the solvents yielded : 

(a) 0-14 g. of a white wax-like substance which was insoluble in 
methyl and ethyl alcohols and water. 

(b) 20 mg. of an oil which gave a red oil on addition of a saturated 
alcoholic solution of 2 : 4-dinitrophenylhydrazone sulphate. 
Crystallisation of this oil could not be brought about 

(c) 0-25 g. of an oil which yielded a 2 : 4-dinitrophenylhydrazone 
melting at 185° to 187°C. 


Mixed melting-point with a sample of p-methoxypropiophenone 
2: 4-dinitrophenylhydrazone, 186° to 187° C. 
3-(p-Hydroxy)-4-ethyl-7-hydroxy-^3’''-no?iene. 

HOCeH^CfC-Hj) : C(C.H3).(CH3)3CH.(OH).C2H5. 


0-5 g. of 3-(p-anisyl)-4-ethyl-7-methoxy-A^’'* nonene was heated in an 
oil bath at 140 C. for 2 hours, with 1-5 ml. of 47 per cent, hydrobromic 
^d and 6 ml. of glacial acetic acid in an atmosphere of carbon dioxide. 
The reaction mixture was then cooled, diluted with water and made just 
. ^l'4roxide solution, keeping the mixture cold in an 

ICC bath. The brown semi-solid product was taken into ether the 
ethereal solution washed with water and finally dried. On distiUation 
0 4 g. of a \iscous brown oil was obtained. 


A solution of this in 40 ml. of cyclohexane was passed through 
column of activated alumina. Development of the chromatogram with 
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benzene revealed a narrow dark brown band at the top of the column, 
below this a broad yellow zone and at the bottom a narrow band 
exhibiting a blue fluorescence under ultra-violet light. Continued elutri- 
ation with benzene removed, the blue-fluorescent band. A mixture of 
equal parts of benzene and acetone removed the yellow zone. 

Distillation of this latter elutriate yielded 270 mg. of a very viscous 
oil which could not be crystallised. Found; C, 77-94; H, 9-91; CHA 
0 per cent.; Ci 7 H,„ 0 :; requires C, 77-86; H, 9-92; CH 3 O, 0 per cent. 

References 

1 . King and L’Eaiyer. J. client. Sac. 1934, 1903. 

2. Baranger. Bull. Sac. Cliitn. 1931, 4, 49, 1213. 

3. Habeland and Heinrich, Ber. dtsch. chem. Ges., 1939. 72, 1222. 

4. Wassely et at. Monatschnft, 1940, 73, 127. 

5. Organic Syntheses, 3, 51. 

6. Dulifere. Bull. Soc. Cltim. 1924, 4, 35, 258. 

7. Cain, Simonsen and Smith. J. client. Soc. 1913, 103. 


218 



the pharmacological ACnONS OF 

ERYTHEMA SPICATA 
By H. F. Farrag and M. A. F. Shertf 

From the Pharmacological Department, Faculty of Medicine, Kasr El Aini, 
Fouad 1 Universityt Cairo 

Received September. 1948 

ERYTHRjEA SPICATA is an annual herb belonging to the family 
Gentianacea. It grows wild in damp places specially in rice fields. 
Muschler^ described this plant and other species growing in Egypt, 
where the public has used extracts as an antidote for scorpion sting, 
but one of us= has shown that it has no practical effect for this purpose. 
Gaston Bonnier^ (1886) examined the European species Erythrcea 
Centaurium. He found that it contains two ^ycosides and stated that 
it was antipyretic. Washburn^ stated that it contained a bitter principle 
similar to that in gentian and stated that it was a diaphoretic and 
febrifuge. Gathercoa? said that it contained a glycoside, erythrocen- 
taurin, and a resin. 

Recently, attention was dravm to Erythrcea spicata as it is believed to 
be efficacious in hypertension. The present work was therefore under- 
taken. 

Experimental 

Preparation of solutions. — An alcoholic extract of the plant was 
concentrated to a semi-solid consistency so that 0 3 g. of concentrated 
extract corresponded to 1 g. of the powdered plant. This concentrated 
extract (alcohol free) was dissolved in Ringer’s or Locke’s solution to 
the required concentration and the pH of the solution was adjusted 
before the experiment to pH 7-6. 

Toad's Heart. — The method used was a modification of Syme’s 
method of perfusion. The drug produced depression in the force of 



Fig 1. 


EJtccl ot extnicl of Erythrira spicata extract (1 
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contraction of the heart (Fig. 1). The lowest concentration which just 
produced depression of the heart was 1 in 600 of the extract. The same 
effect was produced by the drug after atropinising the heart. 

Rabbit’s Heart. — A modification of Gunn’s method was used. No 
change in the amplitude or rate of the heart was demonstrated b) 
1 in 1000 but there was an increase in the coronary outflow varying from 
30 to 40 per cent. 

Blood Vessels. — ^Trendelenberg’s method was used for perfusion of 
toad’s vessels. The drug produced ‘definite dilatation of blood vessels in 
dilutions between 1 in 100 and 1 in 
5000 of the extracts. Solutions of 
1 in 100 produced an increase of the 
flow varying from 68 per cent, to 
100 per cent, averaging 86 per cent, 
and 1 in 1000 produced an increase 
varying from 39 per cent, to 73 per 
cent, with an average of 58 per cent, 
and 1 in 5000 produced an average 
increase of 19 per cent. 

Intestine . — A modified Magnus 
technique was employed. The drug 
produced definite relaxation of the 
intestine of the rabbit (Fig. 2). 

Dilutions of 1 in 1000 produced in some cases very strong inhibition of 
the contractions, while 1 in 10,000 produced just noticeable depression. 






Fig. 2. Effect of Erythrm spicata 
extract (1 in 4500) on rabbits 
intestine. 





Fig 3 Effect of Erythraa spicaia 
extract (1 in 1000) on guinea-pig’s 
uterus. 



Fig. 4. Effect of Erythraa spicaia 
extract Cl in 2000) on rabbits 
uterus. 
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I] terns— Th^ drug produced definite relaxation of the rabbh’s and 
cruinea-pig’s uteri whether pregnant or not, m all ^utions tested whic 
ranged from 1 in 8000 to 1 in 1000 (Figures 3 and 4). 

,4cfion on Blood Pressure.— Bogs anssthetised by chlor^se mtra- 
venously after preliminary ether anesthesia were used. The blood 
pressure was recorded from the 

carotid artery by mercury mano- 

meter on smoked paper in the ordi- 
nary way. The drug was injected 
intravenously through a cannula into 
the jugular vein. The drug produced 
a deflate fall of blood pressure; the 
greater the dose injected, the greater 
the fall of blood pressure and the 
longer the duration of the fall. 

Experimental results in two animals 
may be quoted, (a) In a dog of 15 
kg. body weight injected with 0*3 g. 
of extract, the blood pressure read- 
ing was reduced from 185 mm. Hg 
to 155; 1*5 g. reduced it to 115 mm. 

Hg and 3 g. to 95 mm. Hg. 

(b) In a dog of 7 kg. body weight 
3 g. of extract reduced the blood 
pressure reading from 155 to 65 mm. 

Hg. The reading returned to 100 
mm. in 10 minutes then to 138 mm. 
in 70 minutes and to 142 mm. in 100 
minutes. 

The fall of blood pressure pro- 
duced by the drug was not affected 
by atropine, mdicating that the fall 
was not due to stimulation of the 
cholinergic nerve endings. After 
each injection of the drug" there was 
acceleration of the heart" beats and 
of the respiration, probably as a 
result of the fall in blood pressure 
(Fig. 5). 



Fig. 5. Dog 7*5 kg. Effect of 1*5 g 
of extract on respiration (upper 
tracing) and blood pressure (lower 
tracing). 


experimental animals i.e. toads, rats and doos 
(1) Un doses were injected without toxic manifestation. 

(-) Up to 2 g. of extract intramuscularly per k^r of ral (Vt Tin 
of extract intratcnously per kg. of dog ^ ^ ^ 
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Moreover, intramuscular injections of the extract in rabbits in doses 
of 0-25 g./kg. every day for 15 days produced no apparent toxic mani- 
festations and no pathological changes in the internal organs on killine 
the animals. 


The Active Principle 

An attempt to isolate the active principle by purifying the extract with 
lead acetate, and precipitating it from alcoholic solution by ether 
resulted in an amorphous hygroscopic light brownish powder. This 
powder was proved to be a glycoside, readily soluble in water or dilute 
alcohol but insoluble in ether, chloroform, ethyl acetate and absolute 
alcohol. It had the pharmacological activities of the extract and it formed 
about 1'6 per cent, of the powdered plant. It did not lose its effects after 
treatment with hydrochloric acid. 


Discussion 

Erythrcea spicata produces some depression of the force of contrac- 
tion of the heart in dilutions of 1 in 600 to 1 in 100 of extract. This 
was not due to vagus stimulation as it occurred after administration of 
atropine. Dilutions weaker than 1 in 600 of the extract produce practi- 
cally no depression. In rabbits it produces a definite increase in the 
coronary flow. It produces definite relaxation of the plain muscle in 
general. This was shown in : (a) The dilatation of the blood vessels of the 
toad when perfused with solutions of the drug. The percentage increase 
in the flow varies from an average of 86 per cent, which was produced 
by 1 in 100 of the extract, to 19 per cent, which was produced by 1 in 
5000 concentration. A moderately good increase in the flow of average 
58 per cent, was produced by I in 1000. This last concentration did 
not depress the perfused heart, (b) The powerful relaxation of the 
rabbits’ intestine, in dilutions of 1 in 1000, diminishing both tone and 
contractions, (c) Definite relaxation of the rabbits’ and guinea-pigs 
uteri whether pregnant or not. 

The drug produces a definite fall of blood pressure; 0-2 g. of the extract 
per kg. of body weight given intravenously produces an average fall of 
blood pressure of 46 per cent, of the normal, and 0-04 g. of the extract per 
kg. of body weight produced an average fall of blood pressure 19 per cent, 
of the normal. This last dose will make a concentration in the blood of 
nearly 1 in 2000. ' This concentration did not depress the perfused heart, 
so the fall in blood pressure is presumably due to the effect on the blood 
vessels. The drug is not toxic even if given in relatively large doses. 
Hydrolysis did not destroy the activity of the drug. 

The experiments recorded show that this drug may be of value for 
reducing blood pressure. At the same time it dilates the coronaries and 
has a low toxicity, while the effect on the heart in the usual doses is 
slight. It seems to be worthy of clinical trial as an anti-spasmodic and 
in cases of hypertension, possibly also in angina pectoris. 
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Summary 

1 . The dru 2 produced depression of the toad’s heart at a concentra- 
tion of 1 in 600 of the extract; below this concentration there was 
practically no depression. 

2. It produced increase in coronary flow in the rabbit’s heart. 

3. It produced fall of blood pressure in dogs and dilatation of vessels 
in toads. 

4. It depressed plain muscle. 

5. The active principle is glycosidal in nature. 

6. It has a very low toxicity. 

Our thanks are due to Professor I. Shawki Bey for suggesting the 
problem, and to Dr. M. K. Madkour for helping in some of the experi- 
ments. 
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In connection with the manufacture of acetarsol, a quantitative method 
was required for the determination of traces of 3-amino-4-hydroxy- 
phenylarsonic acid and it was thought that a suitable method might be 
based on the official limit test for this impurity. This depends upon 
diazotisation and coupling as does the test for arsanilic acid in 
tryparsamide and hence, in view of the sources of error revealed in the 
latter^ and in the quantitative method^ proposed by MacDonald and 
Reynolds, it was decided to make a thorough study of the conditions 
and reactions involved. 

The Official Test Colour Standard 
The colour standard of the official test is not obtained directly from 
3-amino-4-hydroxyphenylarsonic acid but from the product of hydrolysis 
of acetarsol with hydrochloric acid. Bonino®, who describes a colour 
test for acetarsol involving heating with hydrochloric acid, suggests that 
an arsenoso-compound is first formed, whilst Phillips^ found that 
acetarsol yielded 4'bromo-2-aminophenol when heated with hydrobromic 
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In connection with the manufacture of acetarsol, a quantitative method 
was required for the determination of traces of 3-amino-4-hydroxy- 
phenylarsonic acid and it was thought that a suitable method might be 
based on the official limit test for this impurity. This depends upon 
diazotisation and coupling as does the test for arsanilic acid in 
tryparsamide and hence, in view of the sources of error revealed in the 
latter^ and in the quantitative method^ proposed by MacDonald and 
Reynolds, it was decided to make a thorough study of the conditions 
and reactions involved. 

The Official Test Colour Standard 

The colour standard of the official test is not obtained directly from 
3-amino-4-hydroxyphenylarsonic acid but from the product of hydrolysis 
of acetarsol with hydrochloric acid. Bonino®, who describes a colour 
test for acetarsol involving heating with hydrochloric acid, suggests that 
an arsenoso-corapound is first formed, whilst Phillips* found that 
acetarsol yielded 4-bromo-2-aminophenol when heated with hydrobromic 
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carbonate solution by adding an exactly equivalent amount of diluted 
hydrochloric acid, followed by 4 precipitations from ice-cold sodium 
bicarbonate solution with ice-cold diluted hydrochloric acid. The last 2 
specimens were tested by the method described above but using varying 
conditions for effecting solution and precipitation; identical results were 
obtained on both specimens and are shown in Table 1. 


TABLE I 


Conditions used to dissoUc and preapitate acetarsol 

. Extinction 
Values 

Solution 

Precipitation 

a 0 1 g of sodium bicarbonate in 5 ml of 
w'ater at 5 C 

5 ml of N/l h>drochlonc acid at 
5^C 

0 025 

6 As aboNC but at room temperature 

As above but at room temperature 

004 

c 1 ml of N/1 sodium carbonate and 4 ml 
of v.'aier at room temperature 

As above 

0 055 

<f 1 ml of N/l sodium hydroxide and 4 ml 
of v.-ater at room temperature 

As above 

0 07 


It was concluded that these two specimens of acetarso} were as pure 
as could be obtained by the reprecipitation method. Furthermore, it was 
clear that hydrolysis of acetarsol to 3-amino-4-hydroxyphenyIarsonic acid 
occurs even under relatively mild alkaline conditions and probably also 
in acid solution. That hydrolysis occurs also in boiling water was shown 
by recrystallising the purified material from boiling water when the 
excellent crystals obtained were found to contain about twice as much 
amino-compound as the original material. 

It was now possible to explain the constant value obtained in Figure 2. 
The extinction value of 0-075 would be made up of about 0-05 from 
amino-compound produced by hydrolysis during the test itself (Table 
I, c), and about 0-025 from amino-compound already present in the 
acetarsol, having been derived from acetarsol by hydrolysis under the 
conditions of solution and precipitation, and coprecipitated with it. 

Calibration curves for 3-amino-4-hydroxyphenylarsonic acid (a) alone, 
prepared by the method already described, and (B) in the presence of 
acetarsol, prepared by the proposed method described later, are shown 
m Figure 3 and it is seen, as expected, that low recovery is obtained in 
the presence of acetarsol owing to coprecipitation. It is, therefore 
necessary to use either internal standards or a calibration curve prepared 
with acetarsol: for the latter it is sufficient to use a specimen of only 
relatively low ammo-compound content. ^ 


Proposed Methods 

ab^orpiiomeier. Prepare a calibration curve by the 
method described below usmg, instead of 5 ml. of water, 5 ml of solution 
containing up to 0 25 mg. of 3-amino-4-hydroxyphenylarsonic ^ 0 ^ from 

of cnrT ^ follows, To 5 ml. of Water at about 5°C add 0-1 » 

of sodium bicarbonate and 0-2 g of aretnrcni ♦ .i- T ^ ^ 

5 ml of N / I Shake to dissolve and add 

/ yd ochlonc acid previously cooled to about 5°C. Add 
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the filtrate, it was expected that a similar effect would result with 
acetarsol. To determine the extent of the loss by coprecipitation in the 
official test, it was modified slightly as follows to adapt it for photo- 
electric absorptiometry. Furthermore, sodium carbonate was substituted 
for sodium hydroxide to avoid hydrolysis of the acetarsol since, in the 
case of chloracetylaminophenylarsonic acid, appreciable hydrolysis to 
arsanilic acid had been found to occur in sodium hydroxide solution. 
Dissolve 0-2 g. in a mixture of 1 ml. of N/l sodium carbonate and 
8 ml. of water. Add 1 ml. of 5N hydrochloric acid, mix, filter, using 
reduced pressure, to dryness, wash the precipitate with 1 ml. of water 
and use 1 ml. of water to wash the filter. Cool the mixed filtrate and 
washings, diazotise and couple with j8-naphthol and read the extinction 
as already described. 


This test was applied to a sample of acetarsol which contained about 
0-06 per cent, of 3-amino-4-hydroxyphenylarsonic acid; the acetarsol 
filtered off was then again submitted to the test and this procedure 
repeated several times. The extinction values (corrected for reagent 
blank) obtained are shown in Figure 2 and it is seen that the extinction 
values tend to a constant value of about 0-075, which is shown later to 
be not entirely due to coprecipitation. 

Consideration was then given to devising a test avoiding filtration, 
especially as it seemed unlikely that the acetarsol would enter into any 
chemical reactions during the test. Using the same material as used 
above, optimum conditions were determined and the following provi- 
sional test decided upon. Dissolve 0-2 g. in a mixture of 1 ml. of N/l 
sodium carbonate and 8 ml. of water and add 1 ml. of 5N hydrochlonc 
acid. Cool to about 5°C., add 2 ml. of freshly prepared 0-5 per cent, solu- 
tion of sodium nitrate and mix. 
Complete the test as already 
described. 

Using this method an extinction 
of 0-44 was obtained, compared 
with 0-405 for the first value in the 
precipitation tests (Fig. 2). How- 
ever, to put the test on a firm 
basis it was desirable to prepare 
a sample of pure acetarsol: in 
^ ^ ^ ® ® addition the constant extinction 



Number of Test 


Fig. 2. Results obtained in successive 
tests by precipitation and filtration on 
the same material 


value of 0-075 reached in the 
precipitation series required 
explanation. 


Purification of Acetarsol and Recovery of added 

3-AMINO-4-HYDROXYPHENYLARSONIC AciD 

From Figure 2 it is seen that precipitation by acid from an alkaline 
solution is a relatively effective method of purifying acetarsol. Material 
from the same sample as used above was repeatedly submitted to this 
treatment, 7 precipitations being made at room temperature from sodium 
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3-ainino-4-li%drox:y'plienvlarsQnic acid by the method described under (a) 
above (usina a 1 cm. cell 0-25 mg. gives about 5 red units). In tcstmg 
samples, proceed as under faj but subtract 0-1 red unit from the 1 cm. 
cell reading before reading off from the calibration cur%'e. 

(c) British PliantiGcopcBici Lintii 1 csl. The calculated official limit is 
0-0S5 per cent, but, owing largely to the coprecipitation occurring, the 
actual limit is about 0-13^ per cent. Thus the sample used in much of 
the abo\e work contained by the proposed method 0-06 per cent., whereas 
by a method closely following the official test as regards preparation of 
solution for testing "only about 0-04 per cent, was found. From Figure 3 
It can be calcukted that a sample of acetarsol containing 0-13 per cent, 
of 3'ammo-4-hydtox>'phenylarsonic acid would give, by the proposed 
test, a colour equal to that produced by 0-21 mg. of 3-amino-4- 
hydtoxvphenylarsonic acid and hence a simple revised limit test w-ith the 
same effective limit may be applied as follows. To 5 ml. of water at 
about 5'C. add 0-1 g. of sodium bicarbonate and 0-2 g. of acetarsol. 
Shake to dissolve and add 5 ml. of N/1 hydrochloric arid previously 
cooled to about 5'C. Add 2 ml. of freshly prepared 0-5 per cent solu- 
tion of sodium nitrite and mLv. After 3 minutes add 0-05 g. of sulphamic 
acid, shake well and leave in the ice-bath 5 minutes. Add 10 ml. of pre- 
viously cooled jS-naphthol solution and mix. Leave in the ice-bath for 
10 minutes and then place in water at 20® C. for 5 minutes. The red 
colour developed is not greater than that produced in the following way. 
To 5 ml. of a solution containing 0-21 mg. of 3-amino-4-hydroxyphenyl- 
arsonic acid add 5 ml. of Is/ 1 hydrochloric acid and cool to about 5®C. 
Add 2 ml. of freshly prepared 0-1 per cent, sodium nitrite solution and 
complete the test as described above. 

A solution of 3-amino-4-hydrox\pbenylarsonic acid in N/2 hydro- 
chloric acid containing 0-21 mg. in 10 ml. may be prepared by dissolving 
0-0124 g. of acetarsol in a mixture of 21 ml. of hydrochloric acid and 
21 mL of water and boiling under a reflux condenser for 5 minutes 
followed b\ cooling and dilution with water to 500 ml. 

SmiNURY 

1. A method has been evolved for the determination of small 
amounts of o-amino-4-hydroxv’phenylarsonic acid in acetarsol. 

2. The official linut test has been examined by photoelectric methods 
and the actual liimt determined. A more satisfactory' test is proposed. 

My thanks are due to Mr. Bell for the spectrophotometric absorption 
curves, to Dr. Hersant for helpful criticisms and to the Directors of 
May and Baker Limited for permission to publish this paper. 
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Extinction of 2 cm. 
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2 ml. of freshly prepared 0-5 per cent, solution of sodium nitrite and 
mix. After 3 minutes add 0-05 g. of sulphamic acid, shake well and leave 
in the ice-bath for 5 minutes. Add 10 ml. of previously cooled 
j?-naphthoI solution (freshly prepared 5 per cent, solution of recrystallised 
j3-naphthol in 2N sodium hydroxide) and mix. Leave in the ice-bath 
for 10 minutes and then place in water at 20° C. for 5 minutes. Read the 
extinction of 2 cm. using Ilford 604 filter and subtract the value of a 
reagent blank together with 0-025. Read the amount of 3-amino-4- 
hydroxyphenylarsonic acid from the calibration curve. 

(b) Tintometer. Prepare a calibration curve relating red units and 



Fig. 3. Calibration curves for 3-amino-4-hydroxyphenylarsonic acid 
alone 
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COMPOUND 11 


^-NaphthaleneaceUi carbinol was prepared by a similar method from 
B-naphthaleneacetic acid and was obtained as a low-melting solid, soluble 
in boiling water, 

Preliminaiy' pharmacolo^cal tests, for which we are indebted to 
Professor Buttle and Dr. Dyer of the Pharmacological Department of 
this School, indicate that 4-(<o-hydroxyaceto)a:P'diethylstilbene (II) 
is less active than its corresponding 4'-hydroxy derivative. The naph- 
thaleneacetj’l carbinol was found to be inactive at the dose levels used. 

This work is being extended to cover other derivatives of naphthalene 
and hydrosyaceto derivatives of such other systems as may be in 
any way considered as fragments of the cyclopentenophenanthrene 
nucleus, including a thorough exploration of the indene skeleton from 
this point of riew. 

Experiment.\l 

4-Cyanodesoxyben:om.~C^}i..CO.Cli,.C^'iii.CH 
p-Nitrobenzyl cyanide was obtained in 57 per cent, yield, converted 
into the corresponding acid (yield 90 per cent.) which was then reduced 
to p-anunophenylacetic acid (yield 85 per cent) according to the method 
of Robertson^-^’®. This compound was converted into p-cymiophenyl- 
acetic acid by followmg the process of Jaeger and Robinson" when a 
59 per cent, yneld was realised. 5 g. of phosphorus trichloride was added 
to 10 g. of dry' p-cyanophenylacetic acid and the mixture heated on a 
water-bath till completely liquid. TSOifle still warm. 50 ml. of dry' benzene 


SYNTHETIC COMPOUNDS POSSESSING 
CORTICOSTERONE-LIKE ACTIVITY 
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It has been shown by Linnell and RoushdP that 4-hydroxy-3 -(w-hydrox)- 
aceto)a:i3-diethylstilbene (I) possesses approximately ® 

activity of desoxycorticosterone, and also that benzoyl carbinol e s- 
COCHgOH exhibits small cortical activity whilst p-hydroxybenzoy 
carbinol, OH.C 6 H 4 .CO.CH.OH is completely devoid of , 

was, therefore, decided to prepare 4 -(aj-hydroxyaceto)a..p- le y 
stilbene (II) and see if the absence of the hydroxy group in the stilDen 
compound would enhance activity. 
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The keto-alcohol group in the new compound is in 
instead of the 3- and this may also have the effect of 
as in the synthetic hormones derived from the diethylsti 
the 4-position seems to afford the more active .j^ylstabene 

The compound in question 4-(cv-hydroxyaceto)a.^-dietfayism 

was prepared according to the scheme on pap 231. „„„nonhenacetyl 
4-Cyanodesoxybenzoin was obtained by trptmg ^ , according 
chloride with benzene in the presence of alunumum chlon 
to the method of Allen and Barker^ for preprmg de^^rboxy- 
product was hydrolysed, by boiling with sulphunc acid to 4 
desoxybenzoin, the ethylation of whi^ch at the a-posi ^ 

after a preliminary esterification and the a-et y ethvldesoxybenzoin 

by alcoholic caustic potash to 

By treatment with ethyl magnesium iodide. ^-P^enyM-CP carDo yp 
hJxane-3-oI was obtained which was 

compound was dehydrated by heating with iodine when_ ^ 
a:i 3 -diethylstUbene obtained was converted in 1^3 J ^jjid 

the appropnate acid chloride was cnlnhuric acid 4-(«'i 

diazokLne so produced Composed 2N yj',,, 

hydroxyaceto)-«;^-dictIiylsUbene was ^ ^ j,g 

as a bright yellow viscid oil boibng at 1 
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i^'-Carboxy-a.-ethyldesoxybetKow.— 

yCsHs 

QH5CO.C 

^CH.CtH..COOH 

2-1 2. of 4'-carbethoxy-a-€thyldesoxybenzoin was saponified with 
110 ml^of N/iO alcoholic potassium hydroxide solution. The crude oily 
substance was cri'stallised from 70 per cent, acetic acid when fine udute 
crystals of 4'-carboxy-a-etliyldesoxybenzom melting at 1-6 _to 1-7 C. 
were obtained. Yield 1-42 g. (75 per-cent.). Found : C, 7o-98 ; H, 5-95 
per cent. ; CjtHibOs requires C, 76-11 ; H, 5-97 per cent. 

4’-Carboxy-a: ^-diethylstilbene . — 


yCAl, 

C.H,C 

^C.C,H..COOH 

I 

C.Hs 

A cold ethereal solution of ethyl magnesium iodide (prepared by adding 
1-65 g. of ethyl iodide to 0-25 g. of dry magnesium in ether) was added 
slowly with frequent shaking to a solution of 2-7 g. of 4'-carboxy-a- 
ethyldesoxybenzoin in dry ether. The reaction mixture, protected from 
moisture, was left overnight and then refluxed for 3 hours. The resulting 
product was decomposed with ice and dilute sulphuric acid, and the 
product worked up in the usual way after which the oily residue was 
heated on a water-bath with 1 to 2 per cent, of iodine under an air con- 
denser for 1 hour. The residue, dissolved in ether, was washed with water 
and 5 per cent, sodium thiosulphate solution and dried overnight. The 
solvent was removed by distillation and 2 g. of a dark brown oil was 
obtained. From boiling 90 per cent, acetic acid, on scratching the sides 
of the vessel and standing, it gave a white powder melting at 95“ to 100“C. 
Titration with N/I25 sodium hydroxide indicated a purity of 96-1 per 
cent. Its acid chloride prepared as described below gave a crystalline 
4-amido-deriva1ive melting at 94“C. Found ; N, 4-79 per cent. ; CigH^ON 
requires N, 5-01 per cent. 

4-{w-Hydroxyaceto)-a.-.^-diethylstUbene. — CigHig.COCHgOH 

1-5 g. of 4-carboxy-a: )3-diethylstilbene was converted into its acid 
chloride by boiling Nvith 5 inl. of dry benzene and 5 ml. of thionyl chloride. 
The acid chloride in dry ether was treated with an ethereal solution of 
diazomethane (prepared from 10 g, of nitrosomethylurea) and the mixture 
kept at 6“C. for 1 hour and then allowed to stand overnight at room 
temperature. After removing the excess of diazomethane and the solvent, 
the diazoketone, obtained as a dark oil, was dissolved in 10 ml. of dioxan 
and, on addition of 15 ml. of 2N sulphuric acid, nitrogen was liberated 
during about half an hour, after which the reaction mixture was warmed 
to 40“ to 45“C. when no more gas was evolved. It was then diluted 
wth water and extracted with ether. The ethereal solution was washed 
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was added and the benzene solution decanted on to 10 g. of anhydrous 
aluminium chloride. When the spontaneous reaction had subsided the 
mixture was refluxed for 1 hour, cooled and poured into a solution of 
25 ml. of concentrated hydrochloric acid in 500 ml. of cold water. The 
benzene layer was separated, the aqueous portion was washed nith 
benzene and the washings combined with the benzene solution. The 
solvent was removed by distillation and the yeUow sticky residue was 
crystallised from a small quantity of alcohol (97 per cent.) when 4'- 
cyanodesoxybenzoin was obtained as light yellow crystals melting at 
105° to I06°C. Yield 5-7 g. (41 per cent.). Found ; C, 80-1 ; H, 5-0; 
N, 6‘33 per cent. ; requires C, 81 ‘4 ," H, 4'9 ; N, 6 ' 35 per 

cent. 

A'-Carboxydesoxybenzoin. — C 6 H 5 .CO.CH 2 .CeH 4 .COCH 

1 g. of 4'-cyanodesoxybenzoin was refluxed with 25 ml. of glacial 
acetic acid, 25 ml. of water and 25 ml. of concentrated sulphuric acid 
for 5 hours and poured into an equal volume of cold water. The tWck 
white precipitate was collected, washed with cold water and crystallised 
from 60 per cent, acetic acid. After purification by animal charcoal 
and recrystallisation from 60 per cent, acetic acid, 4 '-carboxy-desoxy- 
benzoin was obtained as shining white flakes melting at 209°C. (decomp.). 
Yield 0-75 g. (63 percent.). Found : C, 74-3 ; H, 5-1 ; per cent. CisHijOj 
requires C, 75-0 ; H, 5-0 per cent. 

A'-Carbethoxydesoxybenzoin. — C 6 Hs.CO.CH 2 .C 6 H 7 .COOC 2 H 5 

4'-Carboxydesoxybenzoia was esterified by bubbling hydrogen chloride 
through an alcoholic solution of 3 g. of the acid and refluxing the mixture 

at the same time when a quantitative yield of 4 '-carbethoxydesoxybemoui 
was obtained as pale shining flakes melting at 106°C. Found C, 75 , 
H, 6-02 per cent. ; Ci^HigOg requires C, 76-1 ; H, 5-97 per cent. 

A'-Carbethoxy-a-ethyldesoxybenzoin . — 




CjHsCO.CH 

^QH^.COOQH, 

2-5 g. of 4 '-carbethoxydesoxybenzoin was dissolved in I'O ml. 
absolute alcohol and to the boiling solution 0-5 g. of sodium m 5 
absolute alcohol and 3-3 g. of ethyl iodide were added ; *e mixiut 
being heated until neutral to litmus. A further quantity of 0-5 & o 
sodium in 5 ml. of absolute alcohol and 3-3 g. of ethyl iodide was a 
and the mixture again refluxed until neutral. After coohng and dilution 
with water, the alcohol was removed under reduced pressure. ^ , 

suspension was extracted with ether and the ethemal solution well wasfteo 
with water, 5 per cent, sodium thiosulphate solution and water. iUter 
drying overnight the ether was removed by distillation and f . 

eSdesoxybenzoin was obtained as a bright yellow od which sohdrfed 
to a glassy substance. Yield 2-1 g. (90 Pf cent.T Found : C, 77 0 , 
H, 6-7^9 per cent. ; C 29 H 20 O 3 requires C, 77-02 ; H, 6-75 per cent. 
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The compounds concerned in this communication are required for the 
synthesis of methylated hexoses which could not possess a pyranose 
structure. 

a-Hydroxy-/S-nielhoxypropionaldehyde had not been obtained in the 
monomeric form, although the dimeride was prepared by Fisher and 
Bear^ and proved to be a crystalline substance melting at 120 to 12rC. 
which on heating with pyrid'me suBered rearrangement into the 
monomethyl ether of dihydroxyacetone. Alkaline condensation of this 
dimeride gave rise to sugars with branched chains. 

The monomeric form was prepared by the following series of 
reactions : 

CH,OH.CHOH.CH OH-^ CH:;Cl.CHOH.CH .OH 
CH..OCH-..CHOH.CH.OH-^CH.OCHo.CHOH.CHO 

The a-monomethslether of glycerol was obtained by the gradual addi- 
tion of a methyl alcohohe solution of glvcerol-c-moncchlorohydrin to a 
solution of sodium methylate, the mixture bemg refluxed until separation 
of sodium chloride ceased: it was obtained as a syrup boiling at 135" 
to 136*C./40 mm. Hg. pressure. The oxidation was attempted ^]a the 
Oppenhauer- reaction using aluminium tertiarv' butoxide as this method 
was successful m the oxidation of cholesterol to cholestenone as applied 
by Adkins and Cox". The conditions of Adkins and Cox were used, 
but a very poor yield was obtained. 

Fenton and Jackson^ originated the hydrogen peroxide-ferrous 
sulphate oxidation of polyhydne alcohols. This reagent appears to be 
specific for the pnmarv- alcoholic groups, no instance of ketone forma- 
tion being reported. It has been successfully used for the oxidation of 
ethylene glycol to glycol aldehydes, mannitol to mannose^ and 
^ycerol to glyceraldehyde. After numerous trials satisfactory condi- 
tions were established for the oxidation of the a-monomethyiether of 
glycerol, and the product on isolation gave a positive test with Schilfs 
reagent, reduced Fehlmg’s and ammoniacal silver nitrate solutions, save 
an immediate precipitate with 2:4-dinitrophenylhydrazme and a’ solid 
bisulphite compound. The product obtained 'with 2 : ^i-dinitrophenyl- 
hydrazine, melted at 2 j 4° to 236 C. (with decomposition) and gave 
anaMical figures in agreement with those of the osazone of a-hydroxv-fi- 
methoxypropionaldehyde. The formation of the osazone proves 'the 
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with water and a small quantity of 1 per cent, sodium bicarbonate solution. 
After dr 3 'ing the ethereal solution, ether was removed by distillation and 
the dark oil distilled under vacuum. 4-(aj-Hydroxyaceto)-o:|3-diethyl- 
stilbene was obtained as a yellow oil boiling at 175° to 180°C. / 5inm.Hg. 
Yield 0-8 g. (40 per cent.). Found C, 78-8 ; H, 7-5 per cent. : CooHjoO, 
requires C, 81-2 ; H, 7-6 per cent. It was soluble in ether, alcohol, 
acetone, benzene, chloroform and toluene, but insoluble in water. It 
reduced cold ammbniacal silver nitrate solution and gave an osazone 
with 2:4-dinitrophenylhydrazine, which, on recrystallisation from 
toluene, melted at 115°C. Found: N, 17-5 per cent.; CaoHjgOgN, 
requires N, 17-18 per cent. 

^-Naphthaleneacetyl carbinol. — C 10 H 7 .CH 2 .CO.CH 2 .OH 

An ethereal solution of ^S-naphthaleneacetyl chloride obtained from 
1 g. of l3-naphthaleneacetic acid was treated with diazomethane as 
described earlier. The resulting diazoketone was dissolved in 10 ml. 
of dioxan, decomposed with 5 ml. of 2N sulphuric and worked up as 
stated previously to give 0-71 g. (63 per cent.) of ;S-naphthaleneacetyl 
carbinol melting at 90° to 93°C. as light yellow crystals from 97 per cent, 
alcohol. Found: C, 75-32; H, 5-91 percent.; C 13 H 12 O 2 requires C, 78-00; 
H, 6-00 per cent. 

It was soluble in most organic solvents and also in boihng water. It 
reduced ammoniacal silver nitrate solution in the cold. With 2 : 4 -dimtro- 
phenylhydrazine it gave the corresponding hydrazone melting at 24 C. 
The hydrazone on analysis gave N, 14-0 per cent. ; CjsHisOs requnes 
N, 14-7 per cent. 
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Alkaloids of the Australian Rutacea. G. K. H U g h e s. F. N. L a h e \ . 
J. R. Price and L. I. Webb. (Nninrc. 1948, 162. 223.) As part of a 
survey of the occurrence and pharmacology of alkaloids in the A^tralian 
flora, three Queensland rain-forest species have been examined 
of Meltcope iareana F. Muell, (bark) contained mehcopinc (CjjHjjOiN). 
pale yeflow needles, m.pt. 178-5° to 179-5'C. mclicopidinc 
pale yellow prisms, m.pt. 121“ to 122“C. melicopicinc, yellow pnsms, 
m.p.t. 131' to 132°C. acronycidine (C,-H,jOiN). colourless needles, 
m.pt. 136-5' to 137-5°C. VSTiile the leaves of M. jarcana also contained 
melicopine, raelicopidine and melicopicinc, acronycidine was absent. Another 
colourless alkaloid was present but has not yet been obtained pure. The bark 
of AcTOnycMa baiteri Schott contained acronycine (C,oHj..O;N), pale yellow 
needles, m.pt.l74“ to i7S'C. melicopine, melicopidine and acronycidine. 
while melicopicine was also isolated from the leaves. The bark of Evodia 
xanthoxyloides F. Muell contained evoxanthine (C,f,H, 30 <> 5 ). pale yellow 
needles, m.pt, 217° to 218°C. and melicopidine. It has been established that 
the five yellow alkaloids are M-methyl acridones. Acronycidine (colourless) 
is considered to be a quinoline derivative related to skimmianine. 


F.H. 


.ANALYTICAL 


Arsenic and Iron, Volnmetric MicredeterminaSon of. G. F. Smith 
and J. S. Fritz. {Anal. Chem., 1948, 20, 874.1 The equivalence point 
for the potentiometric titration of O-OOIN solutions of ferrous iron, oxalic 
and arsenite ions in 2F perchloric acid solutions by oxidation using O-OOIN 
solutions of perchloratoceric add in the same acid medium covers the 
range 0-95 to 1-5 volts, and the ratio of change in potential to oxidant 
addition is greater at 1-23 volts. Hence, by using a redox indicator, ferrous 
nitropbenamhrolinium ion (nitroferroin) haring a transition potential of ■ 
1-23 volts in 2F perchloric acid the more laborious potentiometric titration 
procedure is avoided. The colour change is red to faint blue. Results 
are accurate to rO-5 per cent. In the case of iron, results obtained by the 
above method and the spectropholometric determination are of comparable 


accuraev. 


E. N. J. 


Capsaicin, Assay of. J. B u c h i and F, H i p p e n m e i e r. (Pharin. Acta 
Helvet., 1948. p, 327.) In testing capsicum preparations by taste, it is found 
that the sensitivity of different individuals shows very' great variations, the 
sensitivity of the tongue rapidly decreases, and recovery of the sensitivity 
requires about 3 hours. A new method of assay is based on a study of the 
pro^rties of pure capsaicin. Chemically, capsaicin is a vanillylamine acvlated 
with a decylenic acid. The most important groupings are a double bond 
an acid amide groupmg. a free phenolic hydroxyl, and a methvlated phenolic 

a method of assay on the reactions of 
OTe of thcK gmupmgs were unsuccessful tor various reasons A method 
based on the reducing power of capsaicin is as follows: about 10 mg. of 
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ethereal extracts being washed with sodium bicarbonate solution, with 
water, and then dried over anhydrous sodium sulphate. On removal 
of the ether 10 g. of a colourless syrup remained. After precipitation 
of chromium salts with sodium bicarbonate a further 15 g. of colourless 
syrup was obtained from the mother liquors by extraction with absolute 
alcohol. The combined syrups were then fractionated under reduced 
pressure when a main fraction boiling at 40’ to 42°C./22 mm. Hg. 
pressure was obtained. On redistillation this fraction yielded 20 g. of 
1 : 3-dimethoxypropanone-2. Yield, 40 per cent.. Found ; C, 49-76; H, 
8-44 per cent.; C 5 H 10 O 3 requires C, 50-85; H, 8-47 per cent. The pro- 
duct gave positive qualitative reactions of a ketone. 

1 ; 3-Dunethoxypropanone-l-2' : 4'-dinitrophenylhydrazone. 
(CH 30 .CH,) 3 C;N.NH.C 6 H 3 (N 03 ),.— A solution of 2 g. of 1:3- 
dimethoxypropanone-2 in 5 ml. of absolute alcohol was mbced with a 
filtered solution of 2 ; 4-dinitrophenylhydrazine (2 g. in 30 ml. of absolute 
alcohol plus 1 ml. of concentrated sulphuric acid). The mixture was 
warmed and, on cooling, yellow needle-shaped crystals separated. After 
two recrystallisations from boiling alcohol and drying m vacuo the melt- 
ing point was found to be *112° to 113°C. Found: C, 44.66; H, 4-75; 
N, 18-8 per cent.; CnHi 406 N 4 requires C, 44-30; H, 4-70; N, 18-79 per 
cent. 
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-TT, ;,,fra-red ravs is quicker and more satisfactori'. The lamp, placed 

I?l“Lan?of ? cm irom the material, raises its temperature to about 
dVc and drying is Slnerally complete in 1 to 2 hours, when the cxTract 
is spr^d out^ a layer of 1 to 2 mm. thickness and 30 sq cin. area. Even 
in tWs case loss of weight continues after ail the moisture has been removed 
The presence of residual traces of water may be detected by «sing the 
moisLe-detecting powder recently described (Bayrnond, Pharm. Acta 
Helvet 1948 23, 207; J. Pharm. Pharmacol.. 1949, 1, 44), the extract being 
placed ’in a small crucible heated in an oil-bath at 130°C., and coveind with 
a watch glass which has a coating of the water-detecting powder. The dry 
extracts examined contained in general less than 3 per cent, of moisture. 
Fieures of over 10 per cent., sometimes recorded in the literature, are 

^ G M. 

erroneous, ^ 


Glycerol, Colorimetric Method for the Determination of Small Quanti- 
ties of. V. H. M i k k e 1 s e n. {Analyst, 1948, 73, 447.) The method used 
depends on the fact that glycerol is oxidised by bromine to l:3-dihydroxy- 
acetone and probably ako to glycsraldehyde; addition of concentrated 
sulphuric acid yields methyl glyoxal which will react with codeine, thymol, 
resorcmol and ^-naphthol to form coloured compounds. Codeine was 
chosen for the reaction as if gave a blue colour with a charactensfre absorp- 
tion band with a maximum at 6600A. By systematic variation of (1) the 
amount of bromine, (2) the glycerol concentration, and (3) the heating time 
both for the oxidation and for the codeine reaction, a procedure was obtained 
which gave reproducible results and proportionality between the extinction 
coefficient and the glycerol concentration. Details of the final colorimetric 
method are given, together with detaik of the method as applied to the deter- 
mination of glycerol in a morphine injection. In place of saturated bromine 
water an aqueous solution of potassium bromate and bromide containing an 
equal volume of 2N hydrochloric acid was used r. e. s. 


Hyoscine and Hyoscyamine, Separation of, and the Alkaloidal Assay of 
Duboisia spp. E. M. Frautner and M. Roberts, {Analyst, 1948, 73, 
140.) Hyoscine and hyoscyamine, including atropine, occur together in several 
solanaceous plants, and are generally determined together as total alkaloids, 
and calculated in terms of hyoscyamine. Two methods of separation of the 
two alkaloids are described, the first, an approximately quantitative separation 
of the alkaloids by chromatographic adsorption on activated silica, and sub- 
sequent fractional elution, and the second, the separation and identification 
of the components of a mixture of alkaloids by fractional precipitation of 
their picrates. Hyoscine and hyoscyamine are both strongly adsorbed on a 
silica column from benzene solution, and are separated by elution with absolute 
alcohol. The hyoscine is removed rapidly but the hyoscyaimne only slowly 
By adding a trace of dimethylamino-azo-benzene (butter yellow, dimethyl 
yeUow, C.I.19) to the benzene the alkaloids can readily be detected on the 
column. The dye k only weakly adsorbed by the sUica, giving a brilliant 
red TOlour, except where the alkaloids are preferentiaUy adsorbed; here a yellow 
band of unadsorbed dye is left. The dye is quickly removed by elution with 
ether or absolute alcohol, but if these solvents are then replac^ by benzene 

eluted, separated or 

spread. The efficiency of the separation of the alkaloids is denendent on the 
of the silica column, the authors used a cduL 12 cm i 
The best results are obtamed when the ratio of the amount of hyoscilie to 
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capsaicin is dissolved, with gentle warming, in 45 ml. of 0-lN sodium 
hydroxide, ?nd made up to 50 ml. with the alkali; 5 ml. of this solution 
is treated with 3 ml. of reagent (3 g. of pure phosphomolybdic acid in 
100 ml. of water), and, after standing for 1 hour, is examined colorimetrically 
in a 0-5 cm. cell, using filter S72. A standardisation curve is prepared with 
pure capsaicin. This method has not yet been extended to the assay of 
capsicum itself. g, m. 

Capsaicin in Drugs, Determination of. J.BiichiandF.Hippen- 
m e i e r. {Pharm. Acta Helvet., 1948, 23, 353.) The method is based on the 
colorimetric reaction for capsaicin previously described by the authors 
(Pharm. Acta Helvet., 1948, 23, 327). Details are as foUows; 5g. 
of powdered capsicum is shaken for 30 minutes with 50 ml. of 
dilute alcohol, and the mixture is filtered into a 250-ml. beaker, 
the filter being washed with 20 ml. of dilute alcohol. After the 

addition of 15 ml. of 0-5N sodium hydroxide to the filtrate, the 

mixture is warmed on the water-bath, with occasional stirring, for 
about 1 hour until the alcohol is removed and the mixture does not froth 
on stirring. The solution is cooled and treated with 2N hydrochloric acid, 
added drop by drop, until it does not turn thymol blue paper blue but still 
reacts alkaline to litmus paper. This solution, which may be slightly turbid, 
is then shaken out with 50, 25, and 25 ml. of ether. The combined clear ether 
extracts are dried with sodium sulphate, and the ether is removed on the 
water-bath, the residue being dried for 30 minutes in a current of air. The 
residue is dissolved by gentle heat in 20 ml. of (exactly) 0-lN sodium 
hydroxide, used in two portions, and the solution is strained and made up to 
25 ml. with the alkali. This solution should be clear or at most slightly 
opalescent. 5-mi. portions are transferred to two 20-ml. measuring flasks, 
and to a 20-ml. stoppered tube. To each of the flasks, is added 3 ml. of 
reagent (3 g, of phosphomolybdic acid in water to 100 ml.), while 3 ml. of 
water is added to the tube. After 1 hour, both flasks are made up to the mark 
with alcohol (95 per cent.), and shaken vigorously, final adjustment of the 
volume being made after cooling. The contents of the tube are diluted 
similarly to 20 ml. The extinction of the liquids in the flasks is then measured 
against that in the tube, using a 0-5 cm. cell and filter S72. The amount of 
capsaicin in mg./5ml. of the OTN sodium hydroxide solution is then equal 
to the extinction co-efficient x The figures obtained from a number of 
samples of the official Swiss drug (Capsicum annuum) range from 0-122 to 
0-304 per cent. One sample of cayenne showed 0-415 per cent. In applying 
the method to the tincture, 50 g. of the latter is shaken out with 50 ml. of 
light petroleum the extract being washed with 3 quantities, each of 25 ml. o 
dilute alcohol. The combined alcoholic solutions are combined with the 
original tincture which has been extracted with light petroleum and, after 
the addition of 15 ml. of 0-1 N sodium hydroxide, the method is continued as 
before. For concentrated fluid extract of capsicum (oleoresin of capsicum), 
1 g. of the material is dissolved in 40 ml. of light petroleum and this solution 
is shaken out 3 times with 20 ml. quantities of dilute alcohol. The combined 
alcoholic solutions are treated as before. 

Extracts, Determination of Moisture in, by Infra-red Heating. 
M. Bouchardy and A. . M i ri m a n o f £. (Pharm. Acta Helvet., 
1948, 23, 321.) The determination of the moisture content of dry extracts by 
heating in an oven is unsatisfactory, as constant weight is never obtained. 
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ThP of infra-red rays is quicker and more satisfactory. The lamp, placed 
^ of 17 cm from the material, raises its temperature to about 

compl«» in 1 .o 2 hours, when the 
^;’,Ton?7n a Im^er'of 1 to 2 mm. thickness and 30 sq. cm. area. Even 
in this case loss of weight continues after all the moisture has been removed. 
?hfpSn2 rf residual traces of water may be detected by ustng the 
mni<;ture-detectine powder recently described (Baymond, Pharm. Acta 
Helvet 1948 23, 207; J. Pharm. Pharmacol., 1949, 1, 44), the extract being 
plied ifa sU crudble heated m an oil-bath at 130;C., ^^d 
a watch glass which has a coating of the water-detecting powder The dry 
extracts fxamined contained in general less than 3 per cent of moisture. 
Figures of over 10 per cent., sometimes recorded in the literature, are 

G. M. 

erroneous. 


Glscerol, Colorimetric Method for the Determination of Small Quanti- 
ties of. V. H. M i k k e 1 s e n. (Analyst, 1948, 73, 447.) The method used 
depends on the fact that glycerol is oxidised by bromine to l:3-dihydroxy- 
acetone and probably also to glyceraldehyde; addition of concentrated 
sulphuric acid yields methyl glyoxal which will react with codeine, thymol, 
resorcmol and ^-naphthol to form coloured compounds. Codeine was 
chosen for the reaction as it gave a blue colour with a characteristic absorp- 
tion band with a maximum at 6600A. By systematic variation of (1) the 
amount of bromine, (2) the glycerol concentration, and (3) the heating time 
both for the oxidation and for the codeine reaction, a procedure was obtained 
■which gave reproducible results and proportionality between the extinction 
coefBcient and the glycerol concentration. Details of the final colorimetric 
method are given, together with details of the method as applied to the deter- 
mination of glycerol in a morphine injection. In place of saturated bromine 
water an aqueous solution of potassium bromate and bromide containing an 
equal volume of 2N hydrochloric acid was used r. e. s. 


Hyoscine and Hyoscyamine, Separation of, and the Alkaloidal Assay of 
Duboisia spp. E. M. Frautner and M. Roberts. (Analyst, 1948, 73, 
140.) Hyoscine and hyoscyamine, including atropine, occur together in several 
solanaceous plants, and are generally determined together as total alkaloids, 
and calculated in terras of hyoscyamine. Two methods of separation of the 


two alkaloids are described, the first, an approximately quantitative separation 
of the alkaloids by chromatographic adsorption on activated silica, and sub- 
sequent fractional elution, and the second, the separation and identification 
of the components of a mixture of alkaloids by fractional precipitation of 
their picrates. Hyoscine and hyoscyamine are both strongly adsorbed on a 
sihca column from benzene solution, and are separated by elution with absolute 
alcohol. The hyoscine is removed rapidly but the hyoscyamine only slowly. 
By adding a trace of dimethylamino-azo-b’enzene (butter yellow, dimethyl 
yellow, C.I.19) to the benzene the alkaloids can readily be detected on the 
column. The dye is only weakly adsorbed by the sUica, giving a brilliant 
red colour, except where the alkaloids are preferentially adsorbed; here a yellow 
band of unadsorbed dye is left. The dye is quickly removed by elution with 
ether or absolute alcohol, but if these solvents are then replaced by benzene 
or, better, light petroleum, containing a little of the dye, the adsorption zones 

bee" separated S 
spread. The efficieni^ of the separation of the alkaloids is dependent on the 

authors used a column 12 cm. x 1 cm 
The best results are obtained when the ratio of the amount of hyoscine to 
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that of hyoscyamine lies between the limits 1 : 4 and 6 ; 1. The fractions 
obtained are pure enough to give crystalline picrates, even when only 1 or 2 mg. 
of alkaloid is present. The picrates are prepared by the addition of a dilute 
solution of picric acid, foUovved by crystallisation from chloroform, and are 
readily identified by their m.pt., hyoscine picrate usually melts at the correct 
temperature, 187“ to 1S8°C., but the hyoscyamine picrate is frequently less 
pure and may melt several degrees lower than the correct value, 165“ to 166“C. 
The separation of hyoscine and hyoscyamine picrates is too slow to replace 
the better and more rapid fractionation which c:an be achieved with a silica 
column, it is, however, useful if it is necessary to establish the identity of the 
main alkaloid present in the hyoscyamine fraction. Using these methods to 
assay a sample of Duboisia myoporoides the authors found that the leaves 
contained about 2 per cent, of hyoscyamine, 0*7 per cent, of hyoscine, and 0-2 
per cent, of other alkaloids. Detached leaves of Atropa belladonna, starved 
to the point of proteolysis, assayed by similar methods, showed that the hyoscy- 
amine content remained unchanged, and that neither hydrolysis nor de- 
methylation takes place to any appreciable extent. l. h. p. 

Inositol, Chemical Determination of. P. Fleury and A. Leconles. 
(C. R. Acad. Sci., Paris, 1948, 227, 691.) The method depends upon 
measuring the volume of carbon dioxide released when inositol is treated 
with periodic acid. Though several days are necessary for complete evolu- 
tion, the majority is released within a short time and this quantity is 
proportional to the concentration of inositol. Interfering substances are 
first destroyed by treating with magnesia at 100°C. Experiments with 
known concentrations of inositol added to urine showed that an accuracy 
of about ±2‘5 per cent, was normally obtained, with a maximum error 
of ±10 per cent. J- w. F. 

Iodine in Organic Compounds, Micro-determination of. R. G r a n g a u d- 
(Ann. pliarm. Franc., 1948, 6, 212.) The method is based on the reaction of 
iodide, in solution, with silver iodate, forming soluble iodate. The organic 
compound is decomposed in a tube in a current of oxygen, the gases evolved 
being passed over heated platinum foil. The iodine is absorbed in 0-75 ml. 
of 0-2N sodium hydroxide containing 5 drops of 30 per cent, hydrogen 
peroxide. After the combustion, the hydrogen peroxide is destroyed by 
heating for 5 minutes on the water-bath, methyl red is added, and the liquid 
is adjusted to a pH of about 5. It is then cooled in ice and treated with 
about 50 mg. of solid silver iodate, and shaken vigorously for 1 minute- 
The mixture is filtered by syphoning (Pregl method) through a sintered glass 
micro-filter covered with a layer of asbestos. The filter is washed with 
0-5 ml. of dilute alcohol, then twice with alcohol (95 per cent.). The filtrate 
is diluted with water to about 30 ml. and treated with a few crystals of 
potassium iodide and 1 ml. of "ION sulphuric acid. After 1 minute, the 
liberated iodine is titrated with 002N iodine, using starch as indicator. 
Owing to the formation of traces of nitrous acid, the method must be 
modified for the assay of nitrogenous substances or for liquids which are 
sealed into a capillary in presence of a crystal of ammonium nitrate. In 
this case the hydrogen peroxide is omitted, and after the combustion the 
liquid in the absorber is treated with 5 drops of sodium bisulphite solution 
and 0-2 ml. of N sulphuric acid. After heating on the water-bath for 10 
minutes to destroy the nitrous acid, the liquid is cooled and treated with 
5 drops of hydrogen peroxide and 0 2 ml. of N sodium hydroxide. The 
assay is then continued as before. g-m. 
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T Detcmvination of, >%ilh isoNitrosodimethyldihydro- 

^tudv of the colorimetric determination of iron (ferrous or ferric) 
has ^en made using the blue colour given with isonitrosodimethyldihydro- 

S»SS,1 m f concenMio'n ot .h= n.aeen. «as s.«a»d tosattej 

with problems of iron coircentration, colour stabilily, ^ 

other ions The colour formed was found to be stable and both ferrous and 
ferric iron reacted; iron could thus be determined in the presence of compain- 
tiSy large amounts of nickel, cobalt, phosphate, arsenate, fluoride, oxalate, 
citrate tartrate, borate, and perchlorate in slightly acid medium. Sensitivi y 
measurements indicated that iron can be detected with this reagent to an 
extent of 1 part in 50,000,000 parts of solution. Analyses of the purified iron- 
isonitrosodiraethyldihydroresorcinol complex showed that an iron atorn 
combines with three molecules of the organic reagent; the complex retained 
two molecules of water even after drying in a vacuum desiccator over 
sulphuric acid for a number of days. R. e. s. 

(Estrogens. Synthetic, Colorimetric Determination of. A. Carayon- 
G ent il and M. J. C h e y m o 1. (Ann. p/iorm. Fr., 1948, 6, 129.) Methods 
are given for the determination of stilboestrol, he.xoestrol and dienoestrol 
in tablets and oily solutions. Extraction of tablets: the finely powdered 
material, corresponding to 1 to 3 mg. of oestrogen, is shaken mechanically 
with two quantities of ethyl acetate, 40 ml. in all, each shaking being 
continued for 1 hour. The mixture is filtered, and the residue washed with 
water. After evaporation of the solvent, the residue is taken up in methyl 
alcohol. If the tablets are prepared with esters of the cestrogens, a saponifica- 
tion must follow the extraction. Oily solutions: 1 ml. of solution, containing 
1 to 2 mg. of oestrogen, is refluxed with 15 ml. of 5N methyl alcoholic 
solution of potassium hydroxide until saponification is complete. After 
diluting with 4 volumes of water, unsaponifiable matter is removed by 
shaking twice rvilh light petroleum, and the aqueous phase is aci.dified and 
extracted with ether. The ethereal solution is washed with sodium carbonate 
solution (I per cent.) then with water. The ether is removed by evaporation, 
and the residue is taken up in methyl alcohol so that 1 ml. of the solution 
corresponds to 50 to 100 of oestrogen. For dienoestrol a different method 
is employed ; 1 to 2 ml. of solution, containing 2 to 5 mg. of dienoestrol, is 
shaken mechanically for 30 minutes with 20 ml. of methyl alcohol, and the' 
extraction is repeated with a further quantity of methyl alcohol. The 
combined methyl alcoholic solution is filtered and used for the determination. 
Determination of dienastroL A coupling method is used. One ml. of the 
methyl alcoholic solution is mixed with 8 ml. of borate buffer solution, pH 
12 (20 g. of boric acid and 280 ml. of N sodium hvdroxidepev 1) heated 
for 6 minutes at 80°C., then cooled to 20'’C. It is then treated with 2ml 
of diazotised sulphanilic acid solution and, after 5 minutes, the colour is 
rompared with that obtained from a standard solution of diencestrol 
Dien^trol from oUy solutions may give a final solution which is slightly 

G. M. 


Pentaerjthri^i Glycerjl Trinitrate, Determination of 

1948,22, 188.) By sapomfication of 
Ikyl nitrates -with alkali, nitrites are formed and mav be determ' ^ 
c.,o™=tncny »i,b ..g. 
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however not satisfactory for pentaerythrityl tetranitrate. After Irons- 
esterification with sulphuric acid, the nitric acid may be determined with 
phenoldisulphonic acid, but the brucine method does not give satisfactory 
results. Details are as follows: 1 ml. of a solution (10 to 100 mg. /I.) id 
glacial acetic acid is treated with 2 ml. of phenoldisulphonic acid and heated 
for 10 minutes on the water-bath. After the addition of 25 ml. of ammonia 
solution (25 per cent.), the mixture is made up to 100 ml. The colour is 
determined photometrically (filter S43) using potassium nitrate as standard. 
For the determination of pentaerythrityl tetranitrate and glyceryl trinitrate 
in admixture in tablets the method is as follows; The sample is extracted 
with 3 ml. of acetone, and rinsed twice with 1 ml. of water. The filtered 
solution is made up to 100 ml. with water, and the pentaerythrityl tetranitrate 
which separates out is filtered off. The glyceryl trinitrate content of the 
solution ' is determined by the procaine-napthylamine method, and the 
pentaerythrityl tetranitrate by difference from the total nitrate. c.M. 


Persulphates, lodimetric Titration of. D. J. d e J o n g. (Pliarni. Weekbl, 
1948, 83, 596.) The reaction between persulphate and iodide is slow, but 
may be accelerated by traces of iron and by warming. The method recom- 
mended is as follows : 0-3 g. of the salt is dissolved in 20 ml. of water and 
treated with 3 g. of potassium iodideiand OT g. of ferrous sulphate, followed 
by 10 ml. of dilute hydrochloric acid and 50 ml. of water. The liberated 
iodine is titrated with OTN sodium thiosulphate until colourless, when 
starch solution is added, followed by 100 ml. of boiling water. The titration 
is then continued until the blue colour does not reappear. o. .m. 


Physostigmine, Photometric Detenrunation of. I. E h r 1 e s. (Farm. Rep’t 
1948, 47, 519.) The determination is based on the conversion of physostigmine 
to rubreserine by way of the following reactions: 




=./\ 


CH, 


o= 




CH, CH, 


The method has been used before, but in the present one somewhat different 
conditions are employed, with a more closely defined oxidation process. 
Rubreserine, gives similar, but not identical absorption curves in acid or 
alkaline solution, with two maxima, as follows; 


at pH ITO 

in 0-02 M sodium hydroxide 


{ 

{ 


460 mu log e=3-56 
295 „ 4-06 

480 „ ., 3-61 

298 „ „ 4-11 


At pH values 2 to 6, intermediate curves are obtained. 

The pk^ value for rubreserine was found to be 4-03. The methods employed 
for the determination of physostigmine salicylate is as follows ; 1 to 4 mg- 
is mixed with 1-0 ml. of a 2 per cent, solution of potassium ferricyanide, 
1 ml. of M sodium hydroxide, and made up to 50 ml. with water. After 
10 to 15 minutes the extinction is read at 480 m^i. A blank test is also 
carried out on the reagents. The molar extinction coefficient is between 
3900 and 4000. 
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ESSENTIAL OILS 

CajBput Oil, Characters of. W.S p oon and W. M Scsscl c r 
Weekbl. 1948. 83, 593.) A sample of cajuput oil obtained from Encla 
showed the following characters; which are compared with the requirements 

'niif/'Vi PhaTTnannnreia •. 




Sample 

Dutch 



Phirtnacopciu 

Density C. 

... 

... t 0 91E0 

... ' 1-469S 

. ... in i t£> 10 \oI. 

0- 919 to0-9:-0 

1 - -166 to 1-411 

Rc&ncti\ e 20 C. 

Solubility in ulcobol (SO per cent,) ... 

... 

in 1 'ol. 

Wb 

Ciceol (ptr ctnt.) ... •** 

DiStiUutft bttwesn 170 and 190 C- 

'. 

... — I*J* 

51-5 

59 

66 iy:r cent. 


The sample was clear and colourless, or with at most a faint bluish tinge, 
and the odour was abnormal. Samples recently imported via Macassar 
also showed abnormal figures, as follows; 




Boeroe 

Moluccas ] 

Moluccas 

Density lOVlS'C 

llefructi%'e iodsx 20 C. 

Wd 

Solubility in alcobol (SO per cent.) 

Cuatol (por «Qi.) 

Fatty Ous 

Mineral oils 


l*9i4S 

l-469t 

—4*4® 
MO \o\% 

59-6 

absent 

absent 

0- 9135 

1- 46SS 
-1-3= 

1-5-10 \(j!s 
60-9 
present 
cb'cnt 

p-9i:6 
l-;674 
-1-4= 
I-IO \o's 
60-4 
tract 
absen 


These abnormal figures are apparently due to the difficulties of the reconstruc- 
tion period in the producing areas. It would appear that .the distillation 
IS not carried as far as preriously. so that the oil is deficient in heavy 
components. The presence of small quantities of coconut oil in two samples 
IS also of interest. G. M. 


HXED OILS, FATS AND WAXES 

Fattj- Adds, Saturated Straight-Chain, Separation of. L. L. R a m s e y 
and W. L Patterson. (7, Ass. Off. agric. Chem.. 1948, 31, 441.) The 
method given depends on partition chromatography and can be used for tbe 
straight-chain saturated fatt\' acids haring 11 to 19 carbon atoms. A 
column of silicic acid is used with a mixture of furfuryl alcohol and 
2-ammopyridine as the immobile solvent and /i-hexane as the mobile solvent. 
Percolate fractions are titrated with standard sodium ethylate solution, while 
the separated acids are determined by titration in alcohol (70 per cent) with 
standard sodium hydroxide. Each separated acid is tentatively identified 
by its threshold volume, confirmation being obtained by a melting-point 
determination or by the addition of an approximately equal amount of 
an authentic sample of the susp^led acid to the unknown, and testing the 
homogeneity by chromatographic adsorption of the mixture on a fresh 
column. The separation of the even numbered acids from each other, and of 
the odd numbered membere from each other, was fairly complete m a sinde 
mctionation and recoveries of added acids were essentiallv quantitative. 
Details of procedure are given, together with results obtained in investieatino 
the punu- of a number of fatty acids obtained from commercial sources. “ 
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Neat’s Foot Oil, Component Acids and Glycerides of. T. P. Hil ditch 
and R. K. S h r i v a s t a v a. (J. Soc. .chem. Ind., Land., 1948, 67, 139.) 
The component acids and glycerides of a sample of Irish neat’s foot oil were 
determined by application of ester fractionation and of low temperature 
crystallisation from solvents. The acids were fractionated by crystallisation 
rom ether followed by fractionation of their methyl esters. They consisted 
of myristic 0-7, palmitic 16-9, stearic 2-7, arachidic 0-1, tetradecenoic 1'2, 
hexadecenoic 9-4, oleic 64"4, octadecadienoic 2‘3, octadecatrienoic 0-1, and 
unsaturated Cao -22 acids T6 j>er cent. (wt.). The component glycerides, 
studied after partial separation by low-temperature crystallisation from 
acetone, were found to include about 35 per cent, of palmitodiolein, 23 per 
cent, of hexadecenodiolein, 8 per cent, of polyethenoid-diolein, 7 per cent, 
of oleopalmitostearin and probably not much more than 10 per cent, of 
triolein, with minor amounts of other mixed glycerides. The presence of 
fairly substantial proportions of hexadecenoic acid in neat’s foot oil had not 
been previously noted. The specific utility of the oil as a lubricant cannot 
be connected with a high content of triolein, the present work suggesting the 
possibility that hexadecenodiolein (nearly one-quarter of the oil) and perhaps 
also the di-oleoglycerides in which the third acyl group is a polyethenoid 
member of the C,s, C.jo (or C^j) series, may contribute specifically to its 
lubricant properties. r. E. s. 


GLYCOSIDES, FERMENTS AND CARBOHYDRATES 


Potato Amylose, Action of ^-Amylase on. R. H. Hopkins, B.Jelinek 
and L. E. Harrison. (Biochem. 1948, 43, 32.) The reaction between 
the purest amylose and )S-amylase obtainable has been investigated with 
special attention to the reaction kinetics. The mixtures used in the investiga- 
tions and the method for determining the progress of hydrolysis were as 
described by Hopkins et al. (Biochem. J., 1946, 40, 507) except that in the 
presence of antiseptics or butyl alcohol the ferricyanide method of Cole was 
used. It was found that pure potato amylose was hydrolysed by ^-amylase, 
at a steadily declining rate, to completion. Any “ denaturation ” of the 
amylose due to undue exposure to water caused a break in the progress 
curve and incomplete hydrolysis. Amylose crystallised from potato starch 
paste at pH 4, or from autoclaved paste, hydrolysed faster than from non- 
autoclaved pastes at pH 6 or 9. Relatively shorter molecular chains 
hydrolysed more slowly. Short-chain molecules (less than 12) were not 
present in amylose prepared by crystallisation methods according to evidence 
from iodine colours. The blue value of amylose increased with chain length 
approaching an asymptotic value although it decreased on hydrolysis. The 
reaction obeyed the formulation of Michaelis and Menten but the value of 
K„ varied widely with the preparation. A hypothesis is put forward to 
explain the observed kinetics. K. E. s. 


Potato Starch, Fractionation of. R. H. Hopkins and B. Jelinek. 
(Biochem. J., 1948, 43, 28.) A number of methods were mvestigated with 
the object of obtaining the purest amylose and amylopectin. The processes 
of Schoch and of Haworth, Peat and Sagrott were used, and amylose and 
amylopectin were also prepared from non-autoclaved potato starch paste 
bv successive additions on alternate days of cyclohexanol and thymol; the 
resulting products from the different methods did not show any great 
differences. Amylose produced under acid conditions showed a greater 

246 



CHEMISTRY-GLYCOSIDES. EERMEHTS AKD C.^RBOHYDR.ATES 

tendency to retromde in neutral solution. The action of ^ 

amylose changed even the portion which does not retrograde the b ue \alu 
feU and R-amvlose action was incomplete. Preparations of amylose with 
17 ’times the blue value of the corresponding amylopcctin were 
Purification of amylopectin was less successful, but fractional eth>l alcoho 
precipitation removed some amylose. 

Potato Starch. Fractionation of. Part V. The Phosphorus of Potato 
Stardi. L. H. Lapipitt, C. H. F. Fuller and >5. Goldenberg. 
(/. Soc. chem. Ind., Land., 194S, 67, 121.) Fractions of potato smrch, ground 
for differing periods in a ball mill, were examined for the distribution of 
phosphorus under surious conditions. A small amount only of the phos- 
phorus of potato starch was found to be present in dialysable form. Bound 
phosphorus was not split off from potato starch fractions by precipitation 
with alcohol and there were no significant differences between the bound 
phosphorus in the cold-water soluble and hot-water soluble potato starch 
fractions. The conclusion was reached that the phosphorus of potato starch 
is present, either largely or wholly, in the form of strongly-bound esterified 
phosphate groups, whilst in wheat starch, either all or a large proportion 
of the phosphorus is present in the form of less strongly-bound, adsorbed 
phosphatides. The worh in. the present, paper coupled with, that of other 
workers suggests that most of the phosphate groups in potato starch are 
bound to the amylopectin fraction, whereas in wheat starch the phosphatides 
are adsorbed, either largely or wholly, by the amylose fraction. The net 
result of this difference is to increase the hydrophilic character of potato 
starch solutions and pastes, but to decrease that of wheat starch solutions 
and pastes. R. E. s. 


Potato Starch, Fractionation of. Part VI. Retrogradation of Fractions. 
L. H. Lampitt. C. H. F. Fuller. N. Goldenberg and 
G. H. Green. (/. Soc. chem. Ind.,^ Land., 1948. 67. 179.) The 

literature concerning the retrogradation (changes in the physico- 
chemical state that take place in solutions, pastes, or gels on ageing! is briefly 
summarised and results are reported dealing with the retrograding 
properties of potato starch fractions as compared with wheat starch fractions. 
The various cold-water-soluble and hot-water-soluble fractions of starch 
obtained by grinding potato starch in a ball mil! for varying periods were 
exauMEd and the retrograding properties of the various fractions under 
varying conditions of temperature and concentration are reported; the 
pioperties were qualitatively similar to those of wheat starch fractions 
published earher. The differences in retrograding properties of the various 
fractions depended on the contents of amylose and amylopectin and also on 
the differences in the nature and distribution of the small quantities of 
phosphorus present in the two starches. r* f <; 


GUMS AND RESINS 

Karaya Mndlage. K. E. G r o n k v i s t. (Farm. Revv, 1948. 47, 6'>3 635 ) 
Karaya gum has been introduced into the new Swedish Pfaarmacopceia under 

uMD^Tn mucilages has been examined, 

=1° Ostwad viscometer. The mucilages were prepared from coarselv 
powdered gum, and were passed through a homoseniser. When the mucilage 

Mscosiri .t fi.st decreased, then rose to a constant value. The same nheno 
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menon was shown by an alkaline solution, but on ageing the viscosit)’ 
decreased and became less variable. The maximum viscosity is obtained 
at pH 5 to 7, and decreases sharply on the alkaline side. In all cases of 
fully hydrated mucilages, the viscosity decreases on keeping, but the decrease 
is more rapid with a high pH value. Heating the dry gum causes the 
hydration of the mucilage to be very slow, so that such mucilages show a 
rise in viscosity over a period of some months. The pH of the mucilage 
is not affected by heat, but decreases on storage. o. m. 

ORGANIC CHEMISTRY 

^-Peltatin, A New Compound from Podophyllin, J. L. H a r t w e 1 1 and 
W. E. Detty. (7. Amer. chent. Soc., 1948, 70, 2833.) The fractionation of 
podophyllin by chromatographic adsorption has yielded 4 per cent, of a new 
crystalline substance for which the name )3-pelta tin is proposed. The new 
compound possesses about the same high necrotising activity for mouse 
sarcoma 37 as a-peltatin. ^-Peltatin crystallises from alcohol in colourless, 
transparent prisms, m.pt. 23M to 238-0°C. (shrinks at 225-5°C.) 
cor. ; -115° (c, T009 absolute alcohol). Analysis showed a formula 

CjzHjjOs with three methoxy groups. Molecular weight values (Rast) for 
derivatives of both a- and^-peltatin agree with the formula and 

indicate that the peltatins are thus isomeric with podophyllotoxin. a-Peltatin 
has one methoxy group less than p-peltatin and podophyllotoxin. Both 
a- and P-peltatins give an immediate yellow colour with sulphuric acid but 
with a-pcltatin the colour turns reddish-brown, with ^S-peltatin green, before 
becoming finally red. R. E. s. 

Sodiiun Citrate, Water of Crystallisation of. T. A. G. Haanappel- 
(Pharm. Weekbl., 1948, 83, 687.) The Dutch Pharmacopoeia describes 
crystalline sodium citrate with 5 H-O. Actually the highest hydrated salt 
contains HoO. The Pharmacopoeia also states that the salt effloresces 
at a relative humidity less than 0-3; investigation showed that this figure 
should be 0-6. G- M- 

Stilbamidine : Instability of. A. J. Henry. (Brit. J. Pharmacol, 1948, 
3, 163.) Hydrolysis of the amidine groups of stilbamidine is a dark reaction. 
Examination of solution of stilbamidine after storage for three years under 
various conditions shows that the factors on which the rate of hydrolysis 
of the amidine groups primarily depends are the pH of the solution and 
the temperature. Storage in the dark at 40°C. of a 1 per cent, solution 
of the hydrochloride at pH 7 will almost certainly produce a good crop of 
crystals of /ra;2^-4-amido-4'-amidinostilbene hydrochloride within three 
months. A pH of 5 suppresses hydrolysis almost indefinitely. TransA- 
amido-4'-amidinostilbene is more toxic than the parent compound. 
formation in the body — for which conditions of pH and temperature would 
be favourable — ^from stilbamidine absorbed and retained for long periods 
may, therefore, in part account for the delayed toxic effects which have 
been observed. The occurrence of such prolonged storage in the body 
is supported by recent examination of the urine of Jcala-azar patients 
some 18 months after termination of a course of treatment; stilbamidine, 
or a closely related derivative, is still being excreted at a low level (0-005 
to 0-03 mg/ 100 ml.). It seems highly probable that similar conditions of 
adsorption, storage and slow release apply for the dimer after administra- 
tion as appear to apply for stilbamidine. s. l. w. 
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PLAKT ANALYSIS 

Alkaloids, Isolation of, From Plants. N. Lorgren. (Svcfuk Farm 
Tidskr 1949 53, 1 ) The dried material is first extracted with an 

ouanlits ot M org.mc »id which fom, msolublc 
salts with the alkaloids. The alkaloids are then extracted with an organic 
solvent containing dry ammonia gas. As applied to Cheltdomum ma,us. 
details are as follows. 75 g. of the root is treated with 230 ml. of 
ether containing 2 g. of anhydrous oxalic acid. After slicking for j houm 
the ird-xture is filtered and the residue is treated with a further of 

150 ml. of ether and 0-5 g- of oxalic acid. After filtering again, the residue 
is suspended in ether, dry ammonia gas is passed in, and after standing over- 
night, the extraction is continued in a continuous extraction apparatus lor 
2 days. The solution is filtered and the ether distilled off. The residue is 
dissolved in a mixture of 15 ml. of chloroform and 15 ml. of dry ether, then 
treated with 100 ml. of a saturated solution of anhydrous citric acid in ether. 
The precipitate is filtered off and dried in vacuo. For ergot the defatted drug 
is extracted exhaustively with ethyl acetate containing ammonia gas. The 
solution is concentrated at a low temperature, and the alkaloids are precipi- 
tated by the addition of a saturated solution of citric acid in ether. The 
precipitate is allowed to settle, separated by centrifuging, washed with light 
petroleum, and dried in vacuo. It contains all the alkaloids of the drug in 
very good yield. G. M. 


Cascara Sagrada, Chromatographic Isolation of Trihydroxymcthylanthra- 
qninones. M. R. Gibson and A. B. S c h w a r t i n g. {]. Ainer. 
pharm. ^5r., Sci. Ed., 1948, 37, 206.) Chloroformic extracts of extract of cas- 
cara sagrada, U.S.P., were run through a 30-mm. tube of celite, 3 parts, and 
magnesia, 1 part. The red-brown, deep red, orange and pink layers obtained 
were separated, treated with 10 per cent, hydrochloric acid to dissolve the 
magnesia and shaken out with chloroform. When the chloroformic solutions 
were run through 12 mm- tubes of the same adsorbent, the red-brown layer 
proved to be a mixture of the anthraquinones, whereas the deep red, orange 
and pink layers were homogeneous, and contained the three anthraquinones 
(emodin, aloe-emodin and isoemodin) each contaminated with an unknown 
substance, which could be removed by subliming under reduced pressure. 
The progress of the separation and purification was followed by similar 
experiments on various mixtures of the pure anthraquinones, and by spectro- 
photometric measurements. The method is not suitable for quantitative 
isolation of the anthraquinones unless the nature of impurities appearing in 
the first resins is known. A pale yellow layer which appeared immediately 
below the adsorbed anthraquinones in all experiments was not identified but 
was show'n not to interfere appreciably with the spectrophotometric measure- 
ments over the range of wave-lengths used. The use of spectrophotometry 
showed its suitability as a method for the quantitative analysis of mixtures 
of the anthraquinones. The method described for the preparation of pure 
isoemodin was a modification of that of Green, King and Beal {]. Amer. 
pharm. Ass., 1938, 27, 95) and gave bright orange crj'stals melting at 179°C 

G. R. K. 


^reflixin Content of CAr^-sancftemum cinomrfe/oftumflowers M G 

E d w a r d s. (/. Soc. chem. Ind.. Loud.. 1948, 67, 379.) The pyrethrins were 
rapidly extracled from the undried dowers by grinding 400 g. rvilb Po e of 
hght petroleum (55* to dO'C.) in . rod mill for 2 hours “turlie/ 5m 


249 


abstracts i 

g. of light petroleum was added, grinding continued for 2 minutes and the 
marc washed until the washings were colourless. In this wav some 95 per 
cent. of the pyrethrins were extracted; the remainder can be obtained by 
a 7-days maceration or in a Soxhlet. Three strains of flowers were investi- 
gated—fa) large flowers of low pyrethrin content; (b) “ high toxic ” flowers; 
(c) commercial Grade 1 flowers. To obtain a comparison with moisture- 
free flowers, samples were dried (a) in a draught at room temperature, for 
12 to 14 days; (b) in a current of air at 55“C., for 7 to 8 hours; (c) in 
a commercial drying tunnel at 55°C., for 24 hours. The main extract was 
concentrated and the pyrethrins determined in aliquot portions by the 
A.O.A.C. method, modified by the use of hydrochloric acid in place of 
sulphuric acid to acidify before the ' light petroleum extraction ^of (he 
monocarboxylic acid. The free chrysanthemum acids were not extracted 
and are included in the pyrethrins. Tables show the pyrethrins in the extracts 
of fresh flowers, and corresponding dried flowers, calculated to moisture-free 
basis. The results indicate that the undried flowers contain about the same 
amount of pyrethrin I, and about 10 per cent, more of pyrethrin II than the 
same flowers dried in the most favourable way, and 3 to 4 per cent, more 
pyrethrin I and 12 to 13 per cent, more pyrethrin II than flowers dried by 
one particular commercial method. h.f. 

BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Antipyretic Action and Catalase Activity. J. Williamson and E. A. 
Rudge. (Biocliein. J., 1948, 43, 15.) Many antipyretics can be used to 
stabilise hydrogen peroxide solution and several representative antipyretic 
substances were therefore tested for inhibitory activity on the isolated catalase- 
hydrogen peroxide system in an attempt to provide evidence for the hypo- 
thetical suggestion that such substances lower the temperature of the body 
by reducing the rate of oxidation, conceivably by interfering with hydrogen 
peroxide metabolism. Of the substances tested, acetanilide and phenacetm 
represented typical aniline derivatives, salicylic acid and acetylsalicylic acid 
represented typical phenol derivatives, phenazone represented pyrazolone 
derivatives, and quinine represented quinoline derivatives; p-hydroxybenzoic 
acid was also examined. Parallelism with antipyretic activity was not found 
since inhibition of the in vitro catalase-hydrogen peroxide system was 
observed with some, but not all, of the substances tested. A horse liver 
catalase extract was used ; phenacetin, phenazone and quinine showed no 
inhibition ; acetanilide showed a slight inhibition, the greatest inhibitory, 
action being obtained with salicylic acid, acetylsalicylic acid and p-hydrox\- 
benzoic acid. It is suggested that the observed inhibitions with the hydroxy- 
benzoic acid derivatives result from the presence of phenolic -OH groupings. 

R. E. s. 

Bacitracin. Production and Properties of Crude Substance. H. S. 
Anker, B. A. Johnson, J. Goldberg and F. L Melcnej^ 

(J Bad. 1948, 5S, 249.) Bacitracin, which was first extracted from a culture 
of an organism of the Bacillus subtilis group isolated from an infected 
wound, has not yet been obtained in the pure state. An arbitrary unit 
has been defined as the amount which when diluted I in 1024 completely 
inhibits the growth of a stock strain of group A htemolytic streptococcus. 

It can be assayed by a serial dilution method, or by a plate method using 
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strains of Ccrynebacterium. ‘Suitable media for production purposes arc an 
/-glutamic acid synthetic medium or a soya bean digest medium, 
cannot be effected by a number of common solvents but u-butanol extracts 
85 to 90 per cent, of the activity. The butanol is distilled from the extract 
in the presence of svater, giving a 100-fold concentration. Purification is 
effected by butanol-ether extraction at pH 3 to 4. the activity Tcmaining in 
the aqueous layer. The latter is extracted with ether, distilled under reduced 
pressure, and freeze-dried after neutralisation. An alternatiyc method o 
purification using magnesium oxide with subsequent precipitation as the 
salicylate is also described. Aqueous solutions of crude bacitracin arc 
stable at 0' to 5°C. for 8 to 12 months, but at higher temperatures there 
IS a loss of activity which is complete at 37’C. in two weeks. Alkali causes 
rapid inactivation; so also does hydrogen peroxide, but thiol compounds 
cause no measurable change. Thioglycollic acid partially reactivates 
peroxide-inactivated material. The substance is soluble in alcohols but 
insoluble in many other organic solvents. Diffusion experiments indicate 
’ a molecular weight below 2000. It is precipitated by heavy metals and 
by several organic acids, sometimes, for example, by salicylic acid, without 
loss of activity. Chemical examination shows that the substance is not 
a peptide, and that it lacks guanido and phenolic groups. H. T. B. 


Diphflieria Toxoid: Improvement in Preparation. L. B. Holt. 
{Brit.J. Exp. Path., 1948, 29, 343.) Diphtheria toxoid produced in the ordinary 
way is first treated with magnesium hydroxide to remove colour, inorganic 
phosphates, and some protein. It is then treated with cadmium chloride 
solution and finally fractionated with ammonium sulphate. h. t. b. 


Liver Extract, Purified; Chemical Nature as Determined by Paper 
Partition Chromatography. G. H. Tishkoff. A, Zaffaroni and 
H. Tesluk. (/. biol, Chem., 1948, 175, 857.) Results are given for the 
investigation of a commercial, highly purified, liver extract containing the 
antipernicious anaemia factor using tw’o-dimensionai paper partition 
chromatography. The presence of one or more polypeptides of high 
molecular weight was proved; the polypeptide material was separated and 
the free amino acids were liberated from it by hydrolysis. The following 
amino-acids were obtained : leucine, glycine, alanine, aspartic acid, valine, 
proline (relatively large amounts) ; arginine, lysine, glutamic acid ; serine, 
phenylalanine, threonine, hydroxyprolme (medium amounts) ; histidine, 
cysteine, methionine (small amounts). Some free amino acids were found 
in the original preparation and also riboflavine, but folic acid and 
xanthopterin were not found. r f 


Penicillin, Radioactive, Studies with, D. Rowley, J. Miller 
5. Rowlands and E. Lester Smith. {Nature, 1948, 161, 1009. 
In view of the possibility that penicillin may act by depriving sensitivi 
organisms of glutamic acid, which is probably essential to their growth th 
attempted to ascertain whether penicillin, by being itsel 
absorbed, blocks the passage of glutamic acid through the cell wall A 
the amount of pemciUin taken up by organisms is too small to detect b' 
biological methods, it was decided to attempt its detection by using radio 

the mSShSv°Lf ° microcurie per I.U 

me radioactivity of the peniciUin being measured by means of a Geige. 

Muller counter having a background of 14 counts per minute For 

.b»n.ta «p.nm..,s, 3,.phylococc„. a„re,„ .va, Jrowa agaf 
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g. of light petroleum was added, grinding continued for 2 minutes and the 
marc washed until the washings were colourless. In this wav some 95 per 
cent, of the pyrethrins were extracted; the remainder can be obtained by 
a maceration or in a Soxhlet. Three strains of flowers were investi- 

gated— (a) large flowers of low pyrethrin content; (b) “ high toxic ” flowers; 
(c) commercial Grade 1 flowers. To obtain a comparison with moisture- 
free flowers, samples were dried (a) in a draught at room temperature, for 
12 to 14 days; (b) in a current of air at 55°C., for 7 to S hours; (c) in 
a commercial drying tunnel at 55 °C., for 24 hours. The main extract was 
concentrated and the pyrethrins determined in aliquot portions by the 
A.O.A.C. method, modified by the use of hydrochloric acid in place of 
sulphuric acid to acidify before the light petroleum extraction of the 
monocarboxylic acid. The free chrysanthemum acids were not extracted 
and are included in the pyrethrins. Tables show the pyrethrins in the extracts 
of fresh flowers, and corresponding dried flowers, calculated to moisture-free 
basis. The results indicate that the undried flowers contain about the same 
amount of pyrethrin I, and about 10 per cent, more of pyrethrin II than the 
same flowers dried in the most favourable way, and 3 to 4 per cent, more 
pyrethrin I and 12 to 13 per cent, more pyrethrin II than flowers dried by 
one particular commercial method. H. r. 

BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Antipyretic Action and Catalase Activity. J. Williamson and E. 
Rudge. {Biochent. J., 1948, 43, 15.) Many antipyretics can be used to 
stabilise hydrogen peroxide solution and several representative antips'retic 
substances were therefore tested for inhibitory activity on the isolated catalase- 
hydrogen peroxide system in an attempt to provide evidence for the hypo- 
thetical suggestion that such substances lower the temperature of the body 
by reducing the rate of oxidation, conceivably by interfering with hydrogen 
peroxide metabolism. Of the substances tested, acetanilide and phenaceim 
represented typical aniline derivatives, salicylic acid and acetylsalicylic acid 
represented typical phenol derivatives, phenazone represented pyrazolone 
derivatives, and quinine represented quinoline derivatives; p-hydroxybenzoic 
acid was also examined. Parallelism with antipyretic activity was not foun 
since inhibition of the in vitro catalase-hydrogen peroxide system "as 
observed with some, but not all, of the substances tested. A horse In er 
catalase extract was used ; phenacetin, phenazone and quinine showed no 
inhibition ; acetanilide showed a slight inhibition, the greatest inhibitory 
action being obtained with salicylic acid, acetylsalicylic acid and p-hydrox>- 
benzoic acid. It is suggested that the observed inhibitions with the hydroxy- 

benzoic acid derivatives result from the presence of phenolic -OH groupings. 

R. E. s. 

Bacitracin. Production and Properties of Crude Substance. H. S. 
Anker, B. A. Johnson. J. Goldberg and F. ^ ® ^ 

(J. Bad., 1948, 55, 249.) Bacitracin, which was first extracted from a cuitur 
of an organism of the Bacillus siibtilis group isolated from an infecte 
wound, has not yet been obtained in the pure state. An arbitrary uni 
has been defined as the amount which when diluted 1 in 1024 completely 
inhibits the growth of a stock strain of group A hremolylic streplococcu?. 

It can be assayed by a serial dilution m< 
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for tne determination of barbiturates in blood and tissues based on th 
cbaracteristic ultraviolet absorption spectra of the malony urea ring structure. 
The drug is extracted by an organic solvent, usually chloroform, and then 
re-extracted with alkali. The ultraviolet absorption spectra of the alkaline 
solution is determined against a reference blank solution of sodium hydroxide 
using the photoelectric quartz spectrophotometer. Absorption spectra oi 
some representative barbiturates, e.g., seconal and amytal, showed an intense 
ultraviolet absorption with a maximum at 225mfi and a minimum of 23im;i. 
At 255 mu. the concentration bears a linear relationship to the optical 
density up to at least 20 pg./ml. for these barbiturates. The method is 
sensitive to 04 mg./lOO ml. of blood and 1-0 mg./ 100 g. of tissue, with an 
error of less than 10 per cent. '• 


Heparin, Assay of. C. N. M a n g i e r i. (J. Lab. din. Med., 1947, 32, 
901.) Fresh bovine blood containing 50 ml. of S per cent, solution of 
sodium citrate per 1. is used. The plasma may be used fresh or after storage 
at — 20°C. with equal accuracy. It is recalcihed before assay with a pri^e- 
termined amount of calcium chloride dissolved in 0-2 ml. of physiological 
saline solution so that the end-point for clotting lies near the middle of the 
series of twelve tubes. Two series of tubes are set up. one containing the 
standard and the other, the unknown heparin. 10 pg./ml. of standard or 
purified heparin or 20 to 40 j^g. of crude heparin is used. The standard is 
diluted to 1-0 Toronto unit/ml. The first tube of each series contains 0-23 
ml. of heparin solution and this is increased by 0 02 ml. up the series. The 
volume of every tube is then made up to 0-8 ml. with saline solution. To the 
first tube of each senes TO ml. of plasma and 0-2 ml. of the calcium chloride 
solution are added. The contents are gently mixed and incubated at 37 ‘C. 
fo/ 3 hours. This is repeated with each 2 corresponding tubes in the scries 
at a time. The end-point is the tube in which clotting is just prevented after 
3 hours. Fluorescent light is recommended for detecting thin films of clot. 
The activiu of the heparin under test is obtained from the quantities of 
heparin in each of the end-point tubes. The author claims that the end-point 
IS definite and that results are reproducible with less than 10 per cent, of 
error. A. p. o. 


Theophylline in Blood and Urine, Determination of. A. J. P 1 u m m e r. 
(7. Pharmacol., 1948, 93, 142.) To 4 ml. of a methyl alcohol solution of 
theophylline in a 15-ml. centrifuge tube add 5 ml. of a saturated solution 
of copper acetate, and allow to stand tightly-stoppered for 4 hours to ensure 
complete precipitation of the theophylline-copper compound; centrifuge 
for 15 minutes at 1000 r.p.m.; decant the supernatant fluid, drain, and wash 
the precipitate with 5 ml. of methyl alcohol; again centrifuge, decant, and 
dram; dissolve the precipitate in 4 ml. of 0-2N sulphuric acid and add 0-5 ml 
of potassium iodide solution (1 g. to 1 ml. of water); titrate the liberated 
iodine with 0 02N sodium thiosulphate, using soluble starch solution as 
indicator; each mg. of theophyUine is equivalent to 0-57 ml. of 0 02N sodium 
thiosulphate. For blood, deproteinise by adding 25 parts of blood 
to 40 of 13 per cent, trichloracetic acid; allow to stand 20 

mmutes; filter or centrifuge; render just alkaline to litmus with 
hydroxide; add 10 ml. of a phosphate buffer of pH 8-0 the 
final pH must be between 7-3 and 8-2; extract the u L . • 

the buffered filtrate with three 20-ml. quanSt of a r^Su e nf 
of chloroform and 1 volume of isopropvl alcohol for 5 minnt ^ 

.ion: =..p.,„e ..e co„b,„ed « 'ri “ 
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at 37°C. for 9 hours, scraped off, transferred to 25 ml. of broth, so as 
to give a thick suspension, and incubated for a further 2 hours. A measured 
amount of radioactive penicillin was then added and an aliquot portion 
of the suspension removed for radioactive assay, this removal of a standard 
volume of the suspension being repeated at intervals as a control. After 
i, 2, 6 and 24 hours, 5 ml. of the suspension was removed and filtered 
through a “ Gradocol ” membrane, and washed through with 2 ml. of 
water into a graduated receiver. Aliquot portions of these filtrates were 
taken, dried, weighed and counted. Any uptake of penicillin by the bacteria 
should be shown by a decrease in penicillin concentration in the filtrate. 
From the results of an experiment in which 0-07 I.U. per ml. was employed 
in a suspension containing 3-2 x 10’ viable organisms pei^ ml., it was seen 
that the greatest difference in the penicillin concentrations in the filtrates 
was no greater than that for the suspensions. Corresponding results were 
obtained from other experiments, using penicillin concentrations of from 
1 down to 0-05 I.U /ml. From these experiments the authors conclude that, 
absorption of penicillin, if any, probably amounts to less than 10 molecules 
per bacterium. ' s. i. w. 

Pyridine Nucleotides, Extinction Coefficients of the Reduced Band of. 
B. L. Horecker and A. K o r n b e r g. (J. biol. Chein., 1948, 175, 3S5.) 
Precise values for the extinction coefficients of diphosphopyridine nucleotide 
and triphosphopyridine nucleotide were determined on partly pure prepara- 
tions by the use of pure substrates in reactions which are essentially complete- 
Such determinations have been made with pyruvic acid, acetaldehyde an 
f^ocitric acid. The systems actually used were pyruvate di- and tri-phospho- 
pyridine nucleotide, /jocitrate-triphosphopyridine nucleotide, and acetalde- 
hyde-diphosphopyridine nucleotide. A molecular extinction coefficient o 
6-22 X 10' for the reduced forms of both di- and tri-phosphopyridine nucleo- 
tides at 340mii. was obtained. 


BIOCHEMICAL ANALYSIS 

Ascorbic Acid in Food Preparations, Estimation of. S. A. Goldblith 
and R. S. Harris. {Anal. Chem., 1948, 20, 649.) It is shown that botn 
the indophenol method and the method based on coupling with 2 = r 
phenyUiydrazine give satisfactory results in estimating the ascorbic aci . 
of fresh vegetables. The indophenol technique measures biologically act 
ascorbic acid whue the dinitrophenylhydrazine method measures , ..j 

dihydroascorbic acid and 2 : 3-diketoguIonic acid. The ascorbic acid m oxamte 
slurries (with four parts of 0-5 per cent, oxalic acid) was co 

pletely to dehydroascorbic acid in 21 days while the values ob‘amed by^n^ 
toitrophenylhydrazine method remained constant for 14 days. It ^ c 
that inasmuch as the indophenol and dinitrophenylhydrazine methods a? 
when used to measure ascorbic acid in ground-fresh plant "Zateriak and dis^ 
agree more and more during storage after the plant is taken from th ^ 
these methods should prove, useful in checking the freshness of Pcnsha 
vegetables. The ascorbic acid content of garden-fresh edible P'aa‘s "lay ^ 
be measured in a laboratory remote from the harvest urea. Both m 
may be employed to establish the freshness of vegetable foods. R. e. ■ ^ 

Barbiturates in Blood and Tissues, An Ultraviolet Spectrophotouieffic 
Procedure for the Determination of. L. R- G o 1 d b a u m. (/. P j 

1948 94, 68.) A simple, rapid and highly specific procedure is desenbed 
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fox t&e detcxraitvation of barbiturates in blood and tissues based on the 
cbaracteristic ultraviolet absorption spectra of the malony urea ring structure. 
The drug is extracted bv an organic solvent, usually chloroform, and then 
re-extracted with alkali. The ultraviolet absorption spectra of the alkaline 
solution is determined against a reference blank solution of sodium hydroxide 
usin<’ the photoelectric quartz spectrophotometer. Absorption spectra ol 
some representative barbiturates, e.g.. seconal and amytal, showed an intense 
ultrawolet absorption with a maximum at 225m;i and a minimum of -35m;t. 
At 255 mu. the concentration bears a linear relationship to the optical 
density up to at least 20 ug./ml. for these barbiturates. The method is 
sensitive to 0-4 mg./ 100 ml. of blood and 1-0 mg./ 100 g. of tissue, with an 
error of less than 10 per cent. E- 1- 


Heparin, Assay of. C. N. M a ngieri. (J. Lab. din. Med.. 1947. 32, 
901.1 Fresh bovine blood containing 50 ml. of S per cent, solution of 
sodium citrate per 1. is used. The plasma may be used fresh or after storage 
at — 20'C. with equal accuracy'. It is recalcified before assay with a prede- 
termined amount of calcium chloride dissolved in 0 2 ml. of physiological 
saline solution so that the end-point for clotting lies near the middle of the 
series of twelve tubes. Tw o series of tubes are set up, one containing the 
standard and the other, the unknown heparin. lOpg./ml. of standard or 
purified heparin or 20 to 40 ,ug- of crude heparin is used. The standard is 
diluted to FO Toronto unit /ml. The first tube of each scries contains 0-23 
ml. of heparin solution and this is increased by 0 02 ml. up the series. The 
volume of every tube is then made up to 0-8 ml. with saline solution. To the 
first tube of each senes 1-0 ml. of plasma and 0-2 ml. of the calcium chloride 
solution are added. The contents are gently mixed and incubated at 37'C. 
for 3 hours. This is repeated with each 2 corresponding tubes in the series 
at a time. The end-point is the tube in which clotting is just prevented after 
3 hours. Fluorescent light is recommended for detecting thin films of clot. 
The activity of the heparin under test is obtained from the quantities of 
hepann in each of the end-point tubes. The author claims that the end-point 
IS definite and that results are reproducible with less than 10 per cent, of 
en-or. a.d.o. 


Theophylline in Blood and Urine, Determination of. A. J. P 1 u m m e r. 
(/. Pharmacol., 1948, 93, 142.) To 4 ml. of a methyl alcohol solution of 
theophyibne in a 15-ml, centrifuge tube add 5 ml. of a saturated solution 
of copper acetate, and allow to stand tightly-stoppered for 4 hours to ensure 
complete precipitation of the theophylline-copper compound; centrifuge 
for 15 mmutes at 1000 r.p.m.; decant the supernatant fluid, drain, and wash 
the precipitate with 5 ml. of methyl alcohol: again cenlrifuae, decant, and 
drain; dissohe the precipitate in 4 ml. of 0-2N sulphuric acid and add 0-5 ml. 
of potassium iodide solution (1 g. to 1 ml. of water); titrate the liberated 
iodine with 0 02N sodium thiosulphate, using soluble starch solution as 
indicator; each mg. of theophylline is equivalent to 0-57 ml. of 0-02N sodium 
thiosulphate. For blood, deproteinise by adding 25 parts of blood 
to 40 pam of 13 per cent, trichloracetic acid; allow to stand rip 
minutes; filter or centrifuge; render just alkaline to litmus wilh 
-•5is sodium hydroxide; add 10 ml. of a phosphate buffer of pH 8-0 the 
final pH must be between 7-3 and S-2; extract the theoDhvIIinP^iw cW- 
the buffered filtrate with three 20-ml. quantities of a miTtnrI nf 
of chlorofo™ . v„,„™ O, oSuor 5 SL 
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dissolve the residue in methyl alcohol; transfer the solution to a 15-nil, 
graduated centrifuge tube, keeping the final volume of methyl alcohol 
between 0-3 and 0-5 ml.; determine as previously, described, using O-OOSN 
sodium thiosulphate solution for the final titration; each mg. of theophylline 
■is equivalent to 2-2S ml. of 0-005N sodium thiosulphate. For urine, 
adjust the pH of the urine to between 7-3 and 8-2, and continue with the 
determination as for blood, commencing with the words “extract the 
theophylline . . . the volume of methyl alcohol used to dissolve the 
theophylline should be from I to 2 ml., and O-OIN sodium thiosulphate 
should be used for the final titration; each mg. of theophylline is 
equivalent to 1T4 ml. of O-OIN sodium thiosulphate. The method is sensi- 
tive to 0T3 mg. of anhydrous theophylline per 100 ml. of blood or urine. 
From 15 to 20 ml. samples of blood are satisfactory, A dilute urine may 
be used directly, but concentrated urine should be diluted’ with 3 or 4 
volumes of water. Water should be rigidly excluded from the solutions 
when precipitating the theophylline with copper acetate, or the precipitation 
may not be quantitative. Caffeine, theobromine, uric acid, ethylenediamine 
and sodium acetate do not interfere with the determination, nor docs any 
normal blood property or constituent. s. L. W. 

CHEMOTHERAPY 

Anthelmintic Potency in Relation to Chemical Constitution. E. Bald- 
win. (Brit. J. Pharmacol., 1948, 3, 91.) A report on the results of tests 
carried out in vitro on over 200 chemical compounds for the detection of 
anthelmintic potency, using an Ascaris preparation of which the muscle is 
directly exposed to the action of the drug. Significant activity was found 
among aliphatic-aromatic and aromatic-aromatic ketones, but nothing 
approaching the activity of santonin was discovered in this group. Con- 
siderable activity was observed among lactones, but here again none 
approached the activity of santonin. These facts seem to support the sug- 
gestion that the outstanding anthelmintic efficacy of santonin is due to the 
simultaneous presence of both ketonic and lactonic groups in its structure, 
rather than to either alone. Among the lactones, phenols and pyridines 
tested it was noted that anthelmintic activity increased with the addition of 
a second (usually a benzene) ring to the parent molecule and that activity was 
greater when the two rings were independent than when they were fused. 
The value of phenolic carbamates was confirmed, and an unusually high 
order of potency demonstrated in 2-hydroxydiphenyl carbamate. None of 
the thiaioles examined showed much promise of useful potency, but among 
the pyridines an outstanding order of activity was shown by 4-benzylpyridine. 
and more especially by 2-2'’-dipyridyl and 4;5-phenanthroline. The 

/— \ linkage in the last two compounds and in the corresponding 

- . . . • 
tripyridyl possesses properties which seem to offer considerable possibilities 
in the search for new and highly efficacious anthelmintics. No activity was 
discovered among a number of microbial antibiotics, and there is no reason 
to think that penicillin, or the sulphonamides can yield new anthelmintic 
agents of any practical value. The importance of using experimental 
material of nematode origin as the basis of methods of this kind is strongly 
emphasised. 

Antimalarial Compounds. Studies in the Chemotherapy of Tuberculosis. 
E. Hogga rth and A. R. Martin. (Bril. J. Pharmacol., 1948, 3, 156.) 
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Aatituberculous activity in mice bas been demonstrated with a ness group 

of compounds, 2-aTylamino-4-dialkylammo-6-methyl-pyrimidmcs. some 

members of which are active as antimalarial drugs. The compound showing 

most promise was 2-p-chloroanilino4-6-dielhyIamino-(t-mcthylbuty!amino-6- 

methylpyrinudine dihydrochloride (No. 3300). No activity was found with 
the other antimalarial drugs tested, including quinine, mepacrine and 

S L W. 

pamaqum. 


Diaminometbylpyrintidiiies and Related Compounds : Studies in the 
Cbemotherapy of Tuberculosis. E. H o g g a r t h. A. R. M a r.t i n. M. F. C. 
Paige, M. Scott and E. Young, (firir. J. Pharmacol.. 1948, 3, 160.1 
More than 100 diaminqmethylpvrimidines and related compounds have 
been examined for antituberculous activity in mice. The aim of the 
investigation was to discover a compound with greater activity than that 
possessed by No. 3300 (Brit. J. Pharmacol. 1948, 3, 1561. This aim was 
not realised, and it would appear that in compound No. 3300 itself and 
a number of closely related compounds the maximum activity possible in 
this particular chemical group has been reached. s. L. w. 


Sulphonamides : Studies in the Chemotherapy of Tuberculosis. E. 
H o g g a r th. A. R. Martin and E. H. P. Y o u n g. [Bri/. J. Pharmacol, 
1948, 3, 153.) The activity of a series of 2-suIphanilamido-4 : 6-dialkoxy- 
pyrimidines and some closely related compounds against M. tubcrctilosLs 
in vitro has been studied. In the former group, activity in vitro increases 
with increasing size of the alkoxy groups, but activity is limited by the 
consideration that svibstituents sufficiently large to confer high activity in 
vitro result in such poor adsorption that activity in vivo cannot be expected. 
The di-/i-propoxy and di-/ropropox\ compounds produced a significant 
increase in the mean survival times of groups of mice infected with M. 
tuberculosis when the drug was given both before and after the mice were 
infected, but when drug treatment was delayed for 24 hours no therapeutic 
effect was demonstrated. The higher members of the series were very 
poorly absorbed and failed to show any therapeutic action. s. .L. sv 


PHARMACY 


DISPENSING 

Sodium Citrate, Sodium Chloride and Glucose, Preparation of Sterile 
Solutions of. P. G. H o o r w e g and G. V. D. R e y d e n. IPharm. Weekbl. 
1948, 83, 684.) A solution containing 3-3 per cent, of sodium citrate, 5 per 
cent, of glucose, and 0-9 per cent, of sodium chloride was found to develop 
a turbidity on storing, especially under tropica) conditions. The deposit 
consisted of silicates, although a specially hard glass was used for the con- 
tainers. The precautions which were found necessary to prevent this ore- 
were found to be the following: use of special hard glass; closures 
of a suitable plastic, and not of rubber; washing the asbestos filter used to 
remove pyrogen, with a very^ large quantity of distilled water before usl 

G. M. 

Sulphathiazole for Injection, Sterilisation of P ca t m 

S' r -- 
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describes a method for determining 3 of the products as 
degree of decomposition. Results are summarised thus: 

a measure of 

Atmosphere in 
ampoule 

Heat treatment 

Decomposed 
per cent. 

Air . . 

1 hour at 100°C. 

0'04 

Air . . 

20 minutes at 120°C. 

008 

Air 

1 hour at 120°C. 

0-28 

Nitrogen 

20 minutes at 120°C. 

005 

Oxygen 

20 minutes at 120°C. 

0-12 


The discoloration of the solutions was proportional to the amount of 
decomposition. The preparation is very sensitive to light : after standing in 
sunlight for three weeks the solution became dark red and had decomposed 
to the extent of about 3 per cent. The content of sulphathiazolc was not 
appreciably changed by heat treatment. It is concluded that sterilisation of 
a sulphathiazole solution (pH about 9-5) should be carried out at 120°C. for 
20 minutes. 


GALENICAL PHARMACY 

Morphine and Apomorphine, Stability of Solutions of. A. lonescu- 
Matiu, A. Popescu and L. Monciu. (Ann. pharm. Fr., W6, o, 
137.) The degree of decomposition of a solution of morphine or apomorphine 
may be determined by determining the ferricyanide value, as follows, o 
1 to 5 ml. of a 1 per cent, solution of morphine 4 ml. of femcyaniae 
reagent (4 per cent, of potassium ferricyanide with 4 per cent, of potassi 
hydroxide), and 20 ml. of water are added. After boUing for 5 minutes ano 
cooling, 50 ml. of water is added, followed by 5 ml. of sulphuric acid U 
per cent.). The mixture is then titrated with permanganate until a pins 
colour persists for 1 minute. By using this reaction, it was shown 
a solution for injection of morphine hydrochloride had undergone from ^ 

12 per cent, of decomposition in 1 year, according to the conditions 
which it was kept. The decomposition may be prevented by the addition 
sulphite according to the following formula: morphine hydrochloride U-w g. 
sodium bisulphite solution (10 per cent.) 1 drop, water to 10 ml. Sterihsat 
is for 20 minutes at lOO^C. A corresponding formula is used 
apomorphine. In tinctures and other liquid “"^’j.^howed 

cyanide process may be applied to the ^tracteo morphine The re ults sho^^ 

tLt the degree of decomposition in one sulphite or 

recommended that these preparations should be stabilised with 

benzoic acid. 


PHARMACOGNOSY 

.4* rt^lInAnnna Frequency Determinations of. D. D. Boswijk. 

Be//qrfo/i«a have now ^^ith those found previously 

% IT sf 225 sTr;. J. harm. Pharmacol., 1948, 21, 534), bu a 
frim Levdefshowed an abnormal frequency for the stomata in the 
Tppef eSdermisf ranging from 

unicellular glands were general in 

Atropa Belladonna var. luteo. 
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Cinchona Ledgeriana BaA. Distribution and 

loidsin. H. F. Birch and L.R.Doughty. (Broc/icm. 7., 194S, 43, 38.) 
The distribution of alkaloids throughout the whole bark of 3 trees of Cm- 
chona Ledgeriana, each 7 years old, was investigated. Tsvo of the bee. 


chona Ledgeriana, . j — , - 

had suffered damaee at an earlier stage of their growth and differed markedli 
in shape from the' third tree which was of apparently normal growth and 
straight in form. -Samples of bark were analysed for total alkaloids, quinine, 
cinchonidine, and for amorphous alkaloids. The distribution of alkaloids 
in the stem bark was a function of bark thickness which is at any PU'ut 
inversely proportional to the distance of that point from the base of the 
tree. This basic regular decrease in alkaloid content from the base of the 
tree upwards was interrupted by zones of relatiielj' high alkaloid content 
due to local thickness of the bark where the main stem forked, usually 
caused by damage of the stem at an earlier stage in the tree's life, where 
secondary leaders arose and where large branches joined the stem. Significant 
increases' in alkaloidal content associated with unit increase in bark weight 
were found for total alkaloids, quinine, and cinchonidine /unit increase in 
bark weight, and for quinine, cinchonidine, and cinchonine /unit increase in 
total alkaloids. These increases were large compared with the small and 
insignificant increases (and decreases in the case of one tree) found for the 
amorphous alkaloids, an indication of the progressive conversion of amor- 
phous to crj'staUisable alkaloids during the life of the tree. When the trees 
were felled the amorphous alkaloid content was that currently available for 
transformation to the crystallisable alkaloids, while the crystallisable alkaloid 
content represented the accumulation of the end products of the amorphous 
alkaloid transformations throughout tree growdh. Cambial activity further 
governed the efficiency or degree of conversion of the amorphous to the 
crystallisable alkaloids, for in one tree the highest crystallisable to amorphous 
alkaloid ratios obtained where the tree bent and where the secondary leader 
arose. In general, the distnbution of the alkaloids throughout the bark is 
governed primarily by the history of the tree as reflected in its form. R. E. s. 

Datura Stramonium, Grorvth Effects produced by 2 : 4-Dichlorophenoxy- 
acetic Acid applied to the Stems. H. W. Y o u n g k e n, Jr. (7. Anier. 
pharm. Ass., Set. Ed., 194S, 37, 196.) Hydrous W’ool fat containing 2:4- 
dichlorophenoxyacetic acid in concentrations varying from 0 0001 to 5 per 
cent, was applied to the stems of seedlings about 3 in. high and older plants 
about 8 to 10 in. high. Seedlings treated with 0 0001 and 0-001 per cent, 
showed no abnormal effects, but higher concentrations produced a systemic 
effect proportional in degree to the concentration used. The effect was 
manifested by stunted growth, skin bending and swelling, cellular proliferation 
and roughening and curling of the leaves. Seedlings did not recover from the 
effects if the concentration was greater than 1 per cent. Those older plants 
treated with 1 to 5 per cent showed, after 45 days, stunted grow'th, swollen 
stem bases wnth warty outgrowths, marked curvature of the stems above the 
first brauching, folding of the leaves, increased pubesence along the leaf 
veins and petioles, and retardation of flower development, only "the lower 
flowers maturing; other flower buds which formed remained unopened. Two 
plants tr^ted with 1 to OT per cent and on which mature fruits formed 
produced spmeless capsules. After three weeks the seeds of these fruits were 
chocolate brown and either flattened and kidney-shaped, or vermiform to 
credent or horn-shaped, and smaller. Older plants tr Jted with 0-1 percent 

determination of the mtal alka- 
ids of leaves from plants which were 85 dais old and had received four 
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applications of O’OOl per cent, of 2:4-dichlorophenoxyacetic acid showed no 
significant difference from the control plants. Since, however, stronger con- 
centrations produce somewhat drastic effects on the leaves, the effect of these 
on alkaloidal formation is being investigated. G. R K. 

PHARMACOLOGY AND THERAPEUTICS 

Alcohol, Sensitisation to, by Drug. J. Ha Id and E. Jacobsen. 
{Lancet, 1948, 25S, 1001.) Doses of 0-5 to T5 g. of diethylthiuramdisulphide 
[bis(diethylthiocarbanyldisulphide)], (C 2 H^) 2 NC(S).S.S.C(S)N(C 2 H 5)2 al- 
though without effect by themselves produce unpleasant symptoms if alcohol 
is taken subsequently. The symptoms following 10 to 20 g. of alcohol 
include flushing of the face, dilatation of the scleral vessels, palpitations and 
possibly slight dyspnoea. Larger doses of alcohol cause nausea and vomiting. 
This sensitisation seems to be due to a great increase in blood acetaldehyde 
which occurs when both the drug and alcohol are taken, but which is absent 
when either is taken separately. Sensitisation begins about 3 hours after the 
drug is taken and may last about 48 hours depending on the dose. The drug 
is stated to be non-toxic by itself and is excreted very slowly. w. w. W. 

Alcoholism treated by Sensitising Drug. O. Martense n-L a r s e n. 
(Lancet, 1948, 255, 1004.) The author has used tetraethylthiuramdisulphide 
in the treatment of 83 cases of alcoholism. This drug although innocuous J 
itself causes unpleasant symptoms if alcohol is taken subsequently. 74 of the 
patients developed distaste for alcoholic drinks as a result of the treatmen , 
9 refused to continue with it. After physical and psychiatric exantmatioa 
the patient received 1-0 to 1-5 g. of the drug followed by 0 5 g. daily, an 
informed of the consequences should he drink alcohol, but he is encourage 
to try it to show the effect of the treatment. Although heavy drinkers can 
still take a fair amount of alcohol at the start of the treatment, their tolerance 

for alcohol soon diminishes and finally all desire for drink seems to be os . 

w. w. w. 


Analgesics, A Method of Testing in Man. A. J. H. Hewer 

Keele. {Lnncer, 1948, 255, 683.) Instead of the usual method of tesu^ 
analgesics by measuring the threshold intensity of some stimulus . 

to elicit pain, tests have been made on the power to relieve pain exp 
mentallv induced by the contraction of ischmmic muscles. By , 

a cuff 'the distal circulation of the arm was cut off and the hand 
forearm muscles were then exercised by rhythmically cornpressmg ^ 
After 50 to 60 contractions had been made there was shght or 
pain in the forearm muscles. The contractions were then 
the ischremia still maintained. Soon the pain began ‘o J*" • 

intolerable after 8 to 15 minutes. If the cuff was deflated tje Pam ^ 
appeared in a few seconds. Ten grades of pain could be d'^hnsuish 
and are described in units from 1 to 10. The drugs were Siv^i whe" 
the pain was of the value of 4 to 5 units, gases by inhalation fte otb^ 
by intravenous injection, thus eliminating differences due to different 
of absorption. It was found preferable, inst^d of trying to find the 
smaUest dose that would give complete relief from pain ^ to 5 
of intensity', to find the smallest dose that would produce a deh™ « ^ 
at this st^e For this purpose a narrowing range of doses, well 
and below the threshold, were given, until there was only a small d.ffcr- 
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cnee behveen flie egective and inegective doses. 

per cent to 40 per cent, in oxygen, and cyclopropane 2 and 3 

?n oxvaen, were used. Results are given for 

morpWe (hydrochloride or sulphate); (2) pe^'dine f ]} 1 

dimShylamino-4;4-diphenyl-heptan-3-onc hydrochlonde, ^^i^one 
dimethylamino-3 ; 3-diphenyhhexan-4-one hydrochlonde 

(5) rf/-2-dimethylaininomethyl-3 : 3 diphenyl-he\an-4-one htdrochlonde (i^ 
amidone); (6) dJ- 2 : l-morphohno-4:4 diphenyl-heptan-5-one hydrochlonde 
(CB IIV (T) procaine hvdrochloride-. (S) thiopentone sodium; (9) hcnadrjl 

hvdrochloride; (10) N-p-inetho\ybenzyl-N-dimethylaminoethyl-_-amino- 

pWine maleate (neoantergan, antistin, pyramsamine maieateL \\\) N- 
phenyl-N-benz\'l-2-nieth\litnidoazohne (antisan); (121 tetraethylammonium 
bromide. The* results show great vanations between the 4 persons studied 
and clinical digerences in response to these drugs can, in part, be ascribed 
to digerences in sensitinty towards them. It was found, for example, 
that amidone and C.B.ll were both 30 times as potent as pethidine, while 
in another subject morphine and amidone were both 10 limes as potent 
as pethidine but only I/IO as powerful as C.B.ll. Again, in another 
subject morphine, amidone and CB.ll were about equally analgesic and 
were 20 to 25 times more potent than pethidine h. r. 


Calciferol by Intramuscular Injecdon. T. Lightbound {Lancet, 
194S, 255, 1010.) Imtialiy. patients with lupus Niilgans. lupus verrucosus, 
erythema induratum and normal controls were treated orally with 150,000 
I U. dagy of calciferol for 6 months The dose had to be reduced m some 
padents owing to nausea and vomiting. To overcome this, intramuscular 
injections of 600,000 1L3 were given thnee weekly for 3 weeks and then 
twice weekly The intramuscular route is preferred because results were 
more rapid, pigmentation was absenL there were no toxic symptoms, there 
was little or no hy percalcterma, less chance of reduced packed-cell volume 
and of raised blood urea All cases, however, showed diminished kidney 
function (urea clearance test), and therefore treatment should not exceed 
4 months without a rest penod \\ . w w 


Chloroqnine, Chronic Oral Toxicity of. O G. F 1 1 z h u g h. .A A 
Nelson and O L H o 1 1 a n d. (/. Pharmacol , 1 94S, 93, 1 47,! A 2-y ear 
chrome toxicity study with rats fed on diets contammg from 100 to 1,000 
ppm of chloroquine showed that the toxicity of the drug was very slight 
or questionable at 100 ppm and became progressiveU 
more severe with each increase in dosage There was a significant 
retardation of growth at a concentration of 400 op.m A proaressive 
increase in mortality occurred at dosage levels of 200 ppan. or 
more, and 800 and l.OOO pp.m. caused early death of all animals The 
outstanding hematological change was a leucocytosis. predominantly neutro- 
phihc, marked m the group on SOO p p.m., less striking in the group on 
400 ppm., and scarcely noticeable in the group on 200’ ppm . there was 
increase m the hemoglobin concentration and ervthrocvge counts m the rats 
on SOO pp.m. Histopathological changes increased from ver\ slwht or 
absent m rats on 100 p p.m., to marked in those on SOO and ! 000 p p m 
the two prommeni 'lesions at toxic doses were a slow focal necrosis of stnated 
muscle, especially cardiac, and a moderate degree of centrolobular hepatic 
n^roas and fibrosis In relation to bodym eight of the rat, the low est dosage 
of chloroquine winch produced shght toxic effects in some animals corre- 
sponds to approximately 4 mg/kg./day for 2 years. This corresponds 
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applications of O'OOI per cent, of 2;4-dichlorophenoxyacetic acid showed no 
significant difference from the control plants. Since, however, stronger con- 
centrations produce somewhat drastic effects on the leaves, the effect of these 
on alkaloidal formation is being investigated. o. r k. 


PHARMACOLOGY AND THERAPEUTICS 


Alcohol, Sensitisation to, by Drug. J. H a 1 d and E. Jacobsen. 
{Lancet, 1948, 255, 1001.) Doses of 0-5 to T5 g. of diethylthiuramdisulphide 
[bis(diethylthiocarbanyldisulphide)], (C2H5),NC(S).S.S.C(S)N(C2H5)2 al- 
though without effect by themselves produce unpleasant symptoms if alcohol 
is taken subsequently. The symptoms following 10 to 20 g. of alcohol 
include flushing of the face, dilatation of the scleral vessels, palpitations and 
possibly slight dyspnoea. Larger doses of alcohol cause nausea and vomiting 
This sensitisation seems to be due to a great increase in blood acetaldehyde 
which occurs when both the drug and alcohol are taken, but which is absent 
when either is taken separately. Sensitisation begins about 3 hours after the 
drug is taken and may last about 48 hours depending on the dose. The drug 
is stated to be non-toxic by itself and is excreted very slowly. W. w. w. 


Alcoholism treated by Sensitising Drug. O. Martense n-L a r s e n. 
(Lancet, 1948, 255, 1004.) The author has used tetraethylthiuramdisulphidc 
in the treatment of 83 cases of alcoholism. This drug although innocuous ) 
itself causes unpleasant symptoms if alcohol is taken subsequently. 74 of the 
patients developed distaste for alcoholic drinks as a result of the treatmen, 
9 refused to continue with it. After physical and psychiatric examination 
the patient received 1-0 to 1-5 g. of the drug followed by 0-5 g. daily, an 
informed of the consequences should he drink alcohol, but he is encourage 
to try it to show the effect of the treatment. Although heavy drinkers ca 
still take a fair amount of alcohol at the start of the treatment, their tolerance 

for alcohol soon diminishes and finally all desire for drink seems to be os . 

w. W. W. 


Analgesics, A Method of Testing in Man. A. J. H. Hewer 
Keele. (Lance/, 1948, 255, 683.) Instead of the usual method ot teso^ 
analgesics by measuring the threshold intensity of some stimulus . 

to elicit pain, tests have been made on the power to relieve pain exp 
mentally induced by the contraction of ischremic muscles. By . 

a cuff the distal circulation of the arm was cut off and the an 
forearm muscles were then exercised by rhythmically 
After 50 to 60 contractions had been made there was shght or nr 
pain in the forearm muscles. The contractions were then 
the ischrnmia still maintained. Soon the pain began 
intolerable after 8 to 15 minutes. If the cuff was deflated ‘^e P 
appeared in a few seconds. Ten grades of pain could be d^tinguish 
and are described in units from 1 to 10. The drugs were w^ 

the pain was of the value of 4 to 5 units, gases by , ‘ates 

by intravenous injection, thus eliminating differences due to diffetem ra 
of absorption. It was found preferable, mstod of ™ to find die 
smallest dose that would give complete relief from pain of _ . 

of intensity’, to find the smallest dose that would produce a definite 
at this stage For this purpose a narrowing range of doses, well 
and below the threshold, were given, until there was only a small d.ffer- 
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cnee betv.eeti Gie egecUve and inegective doses. Nitrous ovide from !0 
cer cent to 'iO nsr cent in oxygen, and cyclopropane. _ and .> p- ce 
in oSen: svere' used. Results are given « dru^ : ^ 

morpfee (hydroebioride or sulpbale); (2) pe&dme hsdroeWonae, dl--- 
dimethylamioo^-.-i-diplienyl-heptano-one faydrochlonde, amidone: dl-L 

ditnethylamino-3;3-dipbenyl.bexan-^ne hydrochloride (HoechM 105S.. . 
(5) d/-2-ditne2ivlaininoiiietavl-3 ; 3 dipbenyl-hexan-i^ne hydrocnlonde 
amidone): (6) dZ-2; l-morpholino^:-i diphen\l-hsptan-5-one h>droch!onde 
(C.B. ID; (.7) procaine hydrochloride; (S) thiopentone sodium; <9) faenadrj! 

hydrochloride; (10) N-p-methoxybenzs'l-N-dime'divlaminoethrl-Z-amino- 

pNTidine maleate (neoantergan. antistin, pyranisamine maleatel; (11) N- 
p'henjl-N-henryl-l-raegjylimidoazolme fantisan): (12) telraelhylammonium 
bromide. The reults show great variations benveen the 4 persons studied 
and clinical differences in response to these drugs can. in part, be ascribed 
to differences in sensitiviij' towards &cm. It was found, for example, 
that amidone and C.B.ll were both 30 times as potent as pethidine, uhile 
in another subject morphine and amidone were both 10 times as poieni 
as pethidine but only 1*10 as powerful as C.B.ll, Again, in another 
subject morphine, amidone and C.B.ll were about equally analgesic and 
were 20 to 25 times more potent than pethidine. H. f. 


Calciferol by Infraranscnlar Injection. T. Lighlbound. I Lance:. 
19-tS. 255, 1010.) Initially, patients with lupus ■vulgaris, lupus verrucosus, 
erythema induratum and normal controls were treated orally with 150,CK)0 
I.U. daily of calciferol for 6 months. The dose had to be reduced in some 
patients owing to namea and vomiting. To overcome this, intramuscular 
injections of 600.(XX) I.U. were given thnee weekly for 3 weeks and then 
twice weekly. The mtramuscular route is preferred because results were 
more rapid, pigmentation was absent, there were no toxic symptoms, there 
was little or no hypercalcsmia. less chance of reduced packed-cell volume 
and of raised blood urea. .All cases, however, showed diminished kidney 
function (urea clearance test), and therefore treatment should not exceed 
- months without a rest penod. v. v. vv. 


Chloroqnme. Chronic Oral Tosicih- of. O. G. Fitzhugh, -A. .A. 
Nelson and O. L. Holland. (/. Pharmacoi., 194S. 93. 1-7.) A 2-vear 
enrsrue toxicity study with rats fed on diets containing from 100 to i.OOO 
p.pan. of chloroqume showed that the toxicitv of the dru^ was very slight 
or qaesuonable at 100 p.p.m. and became aroarsssively 
more severe vvith each increase in dosage. Taere was a siemScant 
retardation of growth at a corcentratioa of -^>0 o.p.m. .A progresive 
increase m mortality occurred at dosage levels of 200 n.pTm. or 
more, and SOO and 1.000 p.ptn. caused early death of all anvmals. Tne 
ouKanding hsmatologjcal change was a ieucocytosis. predominantlv neutro- 
^c, mari.ed m tne group on SOO p.p.m.. less striUna in the ^ouo on 
^ p.pm.. and scarcely noticeable in the group on ICO p.p.m ; there was 
nr! concentration and erythrocyte counts m the lats 

^'^op^thological cnanges increased from verv slant or 
P raarked in those on 800 and 1.001 pnm - 

and a moderate degree of centrolobuLr hepatic 
V relation to bodyv. eight of the rat the iowevt do^saa- 
of cMosOqume wmch produced slight toxic effects in som=> a-imaV cn-re 
spo.* ,0 ppp„,„M.=Ip 4 !„ 2 5«„p. Thu'^SkS'.! 
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approximately to the prophylactic dosage in man; however, taking the length 
of time into consideration, the amount of chloroquine that will produce 
toxic effects in rats is above the therapeutic or prophylactic dose for man. 
The toxicity of chloroquine was found to be slightly less than that of 
mepacrine; at the low dosage level of 4 mg./kg./day there was no noticeable 
difference between the toxicides of the two substances. S. l w. 

Dimercaprol in the Treatment of Experimental Lead Poisoning in 
Rabbits. F. G. G e r m u t h and H. E a g 1 e. (7. Pharmacol. 1948, 92, 397.) 
Rabbits which had received 5 consecutive daily subcutaneous injections of 
lead acetate in a dosage of 240 mg. /kg. all died in from 3 to 40 days, the 
survivaTtime averaging 26 days after the last injection. A series of animals 
receiving this dosage of lead acetate were then treated for 5 days with 
dosages of dimercaprol varying from 20 to 80 mg. /kg. daily. Dimercaprol 
significantly hastened their death, the average survival time at the smallest 
dosage of dimercaprol being reduced from 26 days to 15 days, and at the 
highest dosage from 26 days to from 1 to 12 days, the mortality being greatest 
within the first four days. This experiment was carried out in the hottest 
part of the summer; in a second similar experiment carried out in the winter 
months dimercaprol did not accelerate death but” it still failed to exert a 
protective action. Similar results were found in acute lead poisoning induced 
by intravenous injections of lead acetate, the animals treated with dimer- 
caprol dying approximately in the same time as the untreated controls. 
Further experiments to determine the effect of dimercaprol on urinary lead 
excretion showed that it caused a striking increase. For two hours after a 
single injection of dimercaprol at 20 mg. /kg. the urinary excretion of lead 
increased 11- to 40-fold in animals with a subcutaneous depot and 3- to 
7-fold in animals injected intravenously, this favourable effect lasting for 4 
hours after a single injection. The magnitude of the lead-excretion response 
decreased with each additional injection of dimercaprol, suggesting that only 
a small proportion of the lead injected could be dissociated by dimercaprol 
from its combination with the tissues. The reason for the failure of dimer- 
caprol to protect the animals in spite of increased urinary lead excretion may 
be due in part to the fact that only a small portion of the total body store of 
lead is mobilised and the amount eliminated is too small to effect the out- 
come. A second reason for failure may be the fact that the lead mobilised 
.by dimercaprol is shown to form a lead-dimercaprol complex which is 
almost as toxic as lead acetate itself, which may explain why in sorne 
experiments the administration of dimercaprol actually accelerated death, 
since the lead complex when formed may act on other organs more vulner- 
able to the toxic effects of lead, or more vital to the host, than were the 
tissues in which the lead was originally deposited. In spite of these results, 
the authors consider, in view of the striking effect of dimercaprol on the 
urinary excretion of lead, its cautious therapeutic trial in man is justified. 

s. L. w. 

Hetrazan, Mode of Action in Filariasis. F. Hawking, P. Sewell and 
P. Thurston. {Lancet. 1948, 255, 730.) Experiments were carried out 
on cotton-rats infected with Litomosoides carinii, to study the mode of 
action of a new compound, hetrazan (l-diethylcarbamyI-4-methyIpiperazine), 
which has been introduced for the treatment of human filariasis due to 
Wiitcliereria bancrofti. Intravenous injection of 6 mg. /1 00 g. was followed 
by rapid diminution of the microfilarfe, 80 per cent, disappearing _ m 
1 minute and over 90 per cent, in 2 minutes. Microfilari® surrounding 
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the adult worms in the pleural cavity remain active despite intensive tr^t- 
ment and form a reservoir from which the supply m the blood ^ con- 
ZSl” pl«rted. Hatazan has liule affect on the adnlt worms. EKpert- 
ments I'n virro, and the histological examination of the dismbuuon of the 
microfilarire in the different organs suggests that hetrazan has an opsonm- 
like action on the microftlariie and renders them susceptible to destruction 
by the reticuloendothelial system. Microfilariae w vitro, and m the 
cavity are not in contact with phagocytes and are not so rapidly affected 
b\ hetrazan. 


Niaara; a Digitalis-like Colombian Arrow-Poison. K. Mezey. C. 
Uribe-Piedrahita, L Pataki and I. H u e r t a s - Lo za n o. 
(J. Plianiiaco!., 1948, 93, 223.) Niaara, an arrow-poison from Colombia, is 
the latex of the tree “ Pacuru-niaara,” or “ poison tree," Ogcodeia ienist- 
roemiiflora Midbr. A white, amorphous principle, niaarin. having chemical 
and pharmacological properties characteristic of the cardiac glycosides, has 
been isolated from this latex. The intravenous LD50 in cats is 0-21 mg./kg.: 
it is poorly absorbed from the gastvo-intestmal tract. Seven cases of conges- 
tive heart failure in man were successfully treated with niaarin, injected 
intravenously daily in doses of 0-50 to OTS mg. for the first two days, and 
then 0-25 mg. daily for a further 2 or 3 days. The therapeutic effect was 
evident within less than 24 hours after administration. On the whole, niaarin 
compares closely with strophanthm m rapidity and brevity of action. 
Cumulation is not important when 0-25 mg. is given as the daily maintenance 
dose. No side effects were noted m these cases, and no curare-like action is 
produced. Although niaarin is an effective therapeutic agent, the necessity 
for intravenous administration limits its field of usefulness. On the other 
hand, the actions of niaarin develop with remarkable rapidity which may 
occasionally be desired. s. L. \v. 


Ouabagenin. K. K. C h e n, R. C. Anderson and H. M, \V o rth. 
(i. Pharmacol.. 1948, 93, 156.) Employing a crystalline form of ouabagenin, 
the authors determined it to be approximately one-half as active on the heart 
as ouabain in cals and about one-third as active in frogs. It is more effective 
than ouabain in causing vomiting of non-an<Esthetised cats, weight for weight, 
and the emetic dose is therefore no measure of the cardiac activity when 
different compounds are compared. Unlike digitoxigenin. it does not cause 
convulsions in cats or frogs. s. L. W. 


Penicillin Treatment of Nasopharyngeal Diphtheria. E. W. Bixby 
(Ainer. J. med. ScL, 1948, 215, 509.) A series of 139 cases of diphtheria in 
young men, all of whom had been previously immunised according to the 
U.S. Army Schedule, were selected for study. Although the typical grey 
membrane was seldom found, each case included in the report had a positive 
nasal and/or pharyngeal culture for Corynebacterium diphtherite, and gave 
a confirmed positive virulence study. Every case received 100,000 units of 
ipt ena antitoxin intramuscularly, and general routine treatment. Of the 
88 cases receiving only this treatment 53 (60 per cent.) developed a carrier 
state after two weeks. To the remaining 51 cases, penicillin was administered 
intramuscularly immediately on confirmation of the presence of C. diphtheria 
m dosM of 20,000 units every 3 hours for 50 doses. Of these, 43 (79 per 
cent.) had permanently negative cultures after 2 weeks. The average time 
required m hospital by patients with a 2-week negative culture was 35 davs 
average of SO da,, for IhoL ea„, with Ttwo-wS 
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positive culture. In contrast to these results, the use of penicillin later 
in 40 cases of the two-week positive group who had previously received only 
the routine treatment was not successful, 60 per cent, remaining positive. 
The incidence of post-diphtheritic complications was not affected by penicilliii 
although the severity of complications was modified. h.t.b. 


Sodium Salicylate, Cutaneous Absorption of. G. V a 1 e 1 1 e and R. Ce s a r. 
{Ann. pharm. Franc., 1948, ’6, 16.) The object of this investigation was to 
apply the characteristic elimination of sodium salicylate in the urine, to the 
study of the factors governing the absorption by the skin of non-Iiposolub.e 
substances. The addition of eucalyptol markedly enhances the cutaneous 
penetration of sodium salicylate; the degree of penetration is dependent on e 
proportion of eucalyptol, but when the proportion exceeds 20 per ceiit. o t e 
volume of the solution it produces an irritant effect. Sodium sali^late is 
hydrolysed in solution; when eucalyptol is added to such a solution it mom 
the salicylic acid liberated, with which it gradually becomes charged and pene- 
trates the skin, and the irritation observed is thus attributable not to 
eucalyptol but to the salicylic acid dissolved in it. This action ° 

is less marked in alcoholic than in aqueous solutions. The addition o 
emulsifying agent to a mixture of eucalyptol and solution of sodium 
does not increase the effect produced, though the results are better wi 
in-water than with water-in-oil emulsions. The renal excretion o 
salicylate after cutaneous application of an aqueous solution 
lyptol, foUows almost the same rhythm as after administration of tw 
orally or subcutaneously, elimination reaching its maximum m o 
continuing for about 48 hours. The alkalisation of solutions o so 
cylate (to pH 8-4) was found to hinder the cutaneous penetration ° ' 

while acidification (to pH 4-6) was found to increase it. 

Sulphetrone, Pharmacologj' and Chemotherapy of. G. ® ^ Vj 
A. F. Green and M. Woodbine. {Brit. J. Pharmacol, 

Sulphetrone is 4 : 4'-/i«(yphenyI-/i-propyl-anuno)diphenylsulphone-i 

sodium sulpfaonate, an amorphous material containing, when air-d . 

5 to 7 per cent, of water. It is insoluble m alcohol and otor organ^ 
solvents, but is exceedingly soluble m cold water to ^ ^ , A "e and 
40 per cent, w/v solutions are stable when neutral or i 

may be autoclaved. A 10 per cent, w/v solution is "J nent. 

cent, sodium chloride solution, and hypertomc solutions up to 60 per 
are readily obtained. In mice and dogs sulphetrone has an acute Jo. 
many times less than that of sulphanilamide. Very doses ^ J ^ , 
by mouth to mice and dogs wUhout P^hucing symptoms or 
chanaes but similar doses in rabbits produce aniemia. It H ' to 

and hyperplsiT of the thyroid SulpheUone is not hydrob-^d ^ 

diaminodiphenylsulphone in the body. ., the do" but over a 

raises the alkali reserve of the plasma m t and he 

neriod of time, equilibrium is established. W^en given bj mourn i 
sulphetrone the least toxic of the sulphonej hut j a so ° ^^,hen 

the sulphonamides. It is only slowly f ^°^hed from the n^tejj 1 
given intravenously it is excreted m the urine almoj The 

but when given orally only /5 per cent. “ r penetrates all 

drug is conjugated in and is preseat 

tissues with extreme rapidity, blood, but it enters the cerebro- 

in them in about the same . sulphonamides. It has no action 

spinal fluid rather more slowly than do other suipnon 
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itro 


on smooth muscle, heart, blood pressure or respiration Antibacterial /n vi 
studies show sulphetrone to approach the efficiency of diaminodiphen > 
phone against avian, bovine and human strains oi Mycobactenuin tubercu- 
losis; blood from guinea-pigs which had previously received ® ‘ 

phretone inhibits in vitro strains of virulent rnycobaclena. The auth 
conclude that sulphetrone may prove effective in the treatment or experi- 
mental tuberculosis in laboratory animals, and that its administration to man 
in large doses for protracted periods is a practical possibility. s. L. w. 

Sulphetrone, Treatment of Tuberculosis with. D. G. M a d i g a n. {Lancet, 
1948, 255, 174.) In 70 cases of tuberculosis affecting different organs, sulphetrone 
was ^ven for periods varying from a few days in tuberculous meningitis to 
eighteen months in more chronic cases. A blood-sulphetrone level of 7-5 to 
10 mg./lOO ml. should be aimed at by a scheme of gradual dosage. A suitable 
initial dose for adults is 1 -5 g. daily<0-5 g. eight-hourly) for the first week, and 

3 g. daily (0-5 g. four-hourly) for the second, the daily dose then being increased 
by 1 to 2 g. each week until the required blood level is reached, usually with 
6 to 10 g. daily. If given intramuscularly combined with streptomycin, for 
miliary tuberculosis or tuberculous meningitis, 0-05 g./kg. of bodyweight every 

4 to 6 hours for the first 24 hours is suitable, increased to OT g./kg. during 

the second 24 hours; when the meninges are involved, levels above 5 mg./lOO ml. 
may cause vomiting. It is essential to give iron and brewers’ yeast for a fort- 
night before and throughout sulphetrone treatment to avoid hypochromic and 
nutritional ansemia: the yeast also prevents the onset of peripheral neuritis, 
occasionally seen. Even so, a residual haemolytic anemia develops and con- 
tinues throughout treatment leading to a fall in haemoglobin content to a level 
as low as 60 per cent.; should it fait below this figure the sulphetrone should 
be withdrawn. Besides a weekly check of red cells and haemoglobin, there 
should be a weekly estimate of blood-sulphetrone, which should not exceed 
12-5 mg./100 ml. Danger signals are continuous headache, loss of appetite, 
nausea and \omitmg, gastro-intestinal discomfort, dizziness and mental con- 
fusion; these conditions are associated with high blood-sulphetrone levels and 
measures should be taken to hasten elimination of sulphetrone by giving fluids 
by all routes. Stasis also should cilways be guarded against. In general, no 
beneficial effect was defected from sulphetrone therapy of acute infections, 
but improvement was observed in chronic lesions. Thus, 12 out of 17 cases 
of acute pulmonary fibrocaseous disease, and 1 3 out of 22 chronic cases im- 
proved, All of 4 cases of primary puliPonary tuberculosis, and 6 out of 8 
strictly exudative lesions, improved. All of 4 in the chronic hematogenous 
^oup and 3 out of 4 in the productive pulmonary infiltrative group improved. 
In general, all exudative phases of infiltrative disease were halted and reversed 
by sulphetrone. The need for long-continued courses is emphasised and routine 
laboratory control is essential. Sulphetrone is useful as an adjuvant svith definite 
objectives in view. ^ ^ 

r ?■ ^ Compound. A. S. Friedlaender 
anf,},:'. ^ Set., 1948. 215. 531.) A new 

ihistamne compound. N-(a-pyndyl)-N-(a-thenyl)-NL N'-dimethylethylene- 

synthesised. Under the name of thenylene 


faLt ^ examined to ascertain its effectiveness in preventing 

in rSSeaUv t^ma?- dose of 3 mg./kg. was administered 

injecK of ffiLminT P"‘’^ intravenous 

■ This dose protected all animals against one lethal 
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dose of histamine, while 50 per cent, survived approximately 8 lethal doses. 
Marked protection was given against fatal anaphylaxis in guinea-pigs sensi- 
tised by the intraperitoneal injection of 0-1 ml. of normal horse serum, 
followed 12 days later by a shock dose of 1 ml. of the same serum intra- 
venously. Of the control animals 100 per cent, died, while only 20 per cent 
of fatalities occurred amongst a group receiving 1 mg./kg. 15 minutes before 
the dose of antigen. The clinical action was studied in 117 patients with one 
or more allergic complaints, in doses of 100 mg. for adults 4 times daily, or 
as necessary when symptoms were intermittent. Children were given one- 
quarter to one-half this dosage. Symptomatic relief was obtained in manj 
cases of urticaria, hay fever and perennial allergic rhinitis. Results in asthma 
were not striking. Mild side effects occurred in 25 per cent, of patients, but 
rarely affected administration of the drug. Drowsiness was most common, 
occurring in 13 patients, and vertigo, headache, gastro-intestinal distress and 
dryness of mucous membranes were also reported. Toxic symptoms were 
usually relieved by a reduction of dosage. H.T. B. 


BACTERIOLOGY AND CLINICAL TESTS 

Antibiotics, Induced Resistance of Staphylococcus aureus to. J. 1^- 
Klimek, C. J. Cavallito and J. H. Bailey. {J. Bact., 1948, 55, 139.) 
It is known that many antibacterial substances are inactivated by various 
thiol compounds, some reacting rapidly with a large number of -SH com- 
pounds, 'some with cysteine or related j8-aminoalkane thiols only, and others 
displaying reactions intermediate between these two. A study of the develop- 
ment of resistance of Staphylococcus aureus to several antibiotics was 
undertaken to determine whether a correlation existed between development 
of resistance and the known reactivity of the antibiotics with thiol compounds 
The antibacterial agents studied were penicillin, streptomycin, pyocyamn, 
gliotoxin, aspergillic acid, mercuric chloride, and the active principles of 
Allium sativum, Asarum canadense and Arctium minus. The susceptibility 
of S. aureus to the antibiotics was determined by growing the organism m a 
series of beef broth cultures containing increasing quantities of the test agents, 
Results of the experiments are demonstrated in figures, and show the ability 
of S. aureus to develop rapid and marked resistance to penicillin, strepto- 
mycin and the active principle- of Asarum canadense. The organism 
developed an intermediate degree of resistance to pyocyanin and gliotoxin, 
very little resistance to mercuric chloride or the active principle of ArcUiun 
minus and no resistance to aspergillic acid. These results run parallel wit 
the degree of specificity of reactivity with sulphydryl groups. The more 
selective the antibiotic as to the type of -SH compound with which it will 
react, the more readily does it induce bacterial resistance. Reversibility ot 
resistance occurs with antibiotics which react non-selectively with thiols, 
while the resistance induced by antibiotics reacting selectively with thiols is 
likely to be non-reversible. 

Streptomycin. Activity in Presence of Serum and Blood. E. B- 
Schoenbach and C. A. Chandler. (Prac. Sac. exp. Biol. Mr-- 
1947, 66, 493.) Bactericidal tests were carried out on the growth of SlapjO'' 
lococcus aureus in the presence of streptomycin, various factors possibly 
affecting such tests, i.e. phagocytosis, hremolysis, immune serum and labile 

[Continued on page 26 i 
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SCANDINAVIAN PHARMACOPOEIA COMMISSION 

^-r a keld, oa the invitation of the Swedish Government, at 

Stockholm in November 1948, a joint Pharmacopceia Commission for the 
M^vian countries was formed. This consists of 3 representatives of 
each of the Pharmacopceia Commissions of Denmark, Nor\vay and 
nominated by the Governments of these countries. It is hoped that Finlan 
will also join. The chairman is Prof. G." Ahlgren. Sweden, and the Genera 
Secretary, Dr. F. Reimers, Denmark. 

Formation of the joint commission has given a pernianent organisation 
to the co-operation between the Pharmacopoeia Commissions of the Scandi- 
navian countries which has been kept up by occasional conferences through- 
out a number of years. While, in the earlier period of co-operation, it was 
only possible to obtain agreement on single points, work will now be directed 
towards gradually obtaining such complete agreement that a joint Scandi- 
navian Pharmacopceia can be published. 


That would have many advantages. The medical and pharmaceutical 
professions are so close to one another in these countries, and the difference 
in language is so small, that any difference between the Pharmacopoeias 
should be avoided, as this may prove a hindrance in connection with scientific 
literature, text-books, and education, and also may give rise to difficulties in 
understanding prescriptions written by doctors of the other countries. Further, 
all the countries manufacture chemicals to a limited extent only and most of 
the requirements are imported from the same suppliers abroad. It will also 
be a great advantage that work can be shared among the Pharmacopceveal 
laboratories of these countries, for initial attack on problems and for checking 
of results. 


Instructions to the joint commission have been drafted and are under 
consideration by the respective Governments. One important decision is 
that the names of drugs to be used in the National Pharmacopceias shall be 
decided by the joint Commission. 


F. REIMERS. 


ABSTRACTS {continued from page 264) 

constituents being also investigated. A susceptible strain of the organism 
was used and also a variant of that strain resistant to 1,000 /ig. of strepto- 
mycin. In broth, the bacteriostatic range of streptomycin for the susceptible 
strain was not affected by the presence of the 60 per cent, of human or rabbit 
serum. When the resistant strain was tested in the presence of 60 per cent, 
ot rabbit serum, as little as 125 pg. 'ml. of streptomycin gave retarded growth 
with small mocula at 24 hours but not at 48 hours. This transient inhibition 
was not due to any constituent of the serum, neither was jt due to stimulation 
of phagocytosis with subsequent death of the leucocytes. Possibly the 
inhibition is due to modification of the nutritional requirements with the 
acquisition of streptomycin resistance. It is suggested that there are two 
alternative growth mechanisms available to the organism, one being blocked 
by Mreptomycn, the other being insufficiently developed at first but inerSng 

h.t.b. 
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THE STUFF WE’RE MADE OF, by W. O. Kermack and P. Egglelon. 
(Pp. 356, 8 Plates, 75 Figs, in the Text.) E. Arnold and Co., London, 1948, 
10s. 6d. 

The second edition of this book is not greatly different from the first, 
since research during the last eight years has not seriously modified the 
facts and theories generally accepted before the first edition was published 
Additional information has accumulated, but mostly on detail outside the 
scope of this book. Knowledge of the vitamins has, however, gromi 
so much that the one chapter devoted to them in the first edition has 
been replaced by two, one being devoted to the B vitamins. The parts 
played by riboflavine, nicotinic acid, pyridoxine, biotin, etc., in the nutrition 
of animals have been worked out, and more experiments have been 
performed on human beings who have volunteered for various dietary 
treatments. The production of certain factors by the bacteria present in 
the alimentary tract has been demonstrated and their worth to the animal 
noted. The destruction or inhibition of these valuable bacteria by drugs 
given for other purposes has also been shown. The other fresh chapter 
in this edition deals with the subject of muscle contraction. The action 
of adenine triphosphate on myosin and vice versa forms the basis for a 
theory of muscle contraction which the writers “ wake to work ” by ifieans 
of a working model built up of springs and “ Lazy-tongs.” They end 
this' chapter with the sentence “ Nature’s engines are indeed miracles of 
design and construction; their existence would be incredible if they were 
not so utterly commonplace.” The book is full of sound information, 
reasoned speculation and a way of “ looking at the wood and not oirly 
at the trees.” It is, in fact, so good that the present reviewer’s only regret 
is that in so many places, the writers have tried to make the book 
“ popular ” by using frivolous and skittish expressions; e.g., the term 
“ vitamin racket ” has been applied to the whole study of vitamins, u 
it had been applied to the attempt to get anybody and everybody to dose 
himself liberally with synthetic vitamins, at a high cost in shillings or 
dollars, no one could have objected to the term. However, the fact that 
a second edition has been called for is evidence that the style of the writing 
has been acceptable to the general public for whom it was intended, arid 
who would possibly not have read the book if it had been consistently 
serious all through. K.- Coward. 

THE PRESENTATION OF TECHNICAL INFORMATION, by R- 0- 
Kapp. Pp. 140 and Index, Constable and Co.. London. 1948, 6s. 

The many problems arising in the writing of good technical English 
are carefully analysed in this book and much sound advice is offered m 
writers of papers, reports and reviews. Although the author himself 's 
concerned with the engineering field bis remarks apply equally well to 
other branches of science. The book is based on a series of lectures 
given at University College, London, a year or so ago, Functiona 
English, which is not to be confused with Basic English, is described ana 
recommended as the language for scientific writings. Its essential purpose 
is the conveyance of new information, which may be factual, or argumenta- 
live, and infer or suggest new lines of thought. The author discusses the 
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problem not only from the writer's viewpoint but also from that of 
the reader. Thus, in addition to being good English, Functional English 
must be easily readable. good introduction with a statement of the 
terms of reference, a logical arrangement of thought and argument, the 
selection of material for its relevance to the problem in hand and the 
presentation of facts at a pace at which they can be understood and 
remembered are just as important as well-constructed sentences. A well- 
written report should not only give information, but should also stimulate 
thought in the reader. There are useful chapters on the avoidance of ^ 
circumlocutions and the use of generalisations, qualifications and metaphor. 
In writing this book the author has put his own principles into practice and 
the result is a well-written, interesting and stimulating publication which 
should be read by both students and post-graduate workers. The adoption 
by students of Professor Kapp’s suggestions at an early stage would go 
far towards the production of laboratoiy notes of the high standard spoken 
of so frequently by examiners 


BOOKS RECEIVED 

THE CHEMICAL FORMULARY by H. Be/meit, Vol. Vlll. Pp. 428 and 

Index, Chapman and Hall, Ltd., London, 1948, 42s, 

« 

PRINCIPLES OF BIOLOGICAL ASSAY by C. \V. Emmens. Pp. 204, 
Chapman and Hall, Ltd., London, 1948, 21s. 

THE BACKGROUND OF THERAPEUTICS by J. H. Burn. Pp. 335 and 
Index, Oxford Medical Publications, London, 1948, 22s. 6d. 

GRUNDLAGEN DER PHARMAKOLOGIE by K. W. Men. Pp. 274 and 
Index, Wissenschaftliche Verlagsgesellschaft Stuttgart. 1948. 4th Ed. 

PRECIS DE CBIMIE TOXICOLOGIQUE by F. Scboofs. Pp. 513 and 
Index, Les Presses Universitaires de Liege, 1948, 2nd ed. 

LA CHIMIEDES VITAMINES ET DES HORMONES by J. Sivadjin, Vol. I. 
Pp. 479, Gauthier-Villars, Pans. 1948, 3rd ed. 

PRAmCAL PHARMACOGNOSY by B. E. Hebert and K. W. Ellery. 
Pp. 365 and Index, Balliere, Tindall and Cox, London, 1948. 21s. 

TRACE ELEMENTS IN FOOD by G. fV. Monier Williams. Pp. 498 and 
Index, Chapman and Hall, Ltd., London, 1949, 30s. 
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The Specific Rotation of Emetine Hydrochloride 

The following observations, which seem of sufficient interest to 
record, were made when we were asked to examine a sample of emetine 
hydrochloride according to the standard of the French Codex (6th edition, 
1937). 

^ Emetine hydrochloride of the French Codex is required to have a specific 
rotation of +53° when determined on a 2 per cent, solution of the anhydrous 
salt in chloroform but, under these conditions and using chloroform B.P. 
as solvent, our specimen had [a]^°^-+47-5°. It is noteworthy that Carr and 
Pyman^ give + 53° as the specific rotation for the anhydrous salt in 
chloroform. 

As is well known, pure chloroform is unstable and for this reason it is 
customary to add a small percentage of alcohol as preservative; thus chloro- 
form of the B.P. is required to contain 1 to 2 per cent. v/v. of alcohol. It 
occurred to us that the alcohol content of the chloroform used as solvent 
might influence the specific rotation of emetine hydrochloride. Accordingly, 
we prepared some pure chloroform, free from alcohol, and determined the 
specific rotations of three batches of emetine hydrochloride, dried in vacuo 
over phosphorus pentoxide for 48 hours, in this solvent. The results for [alo 
for 2 per cent, solutions of these samples in pure chloroform were; (I) 
+ 59.64°, (2) 59-98° and (3) 59.98°. A sample of chloroform B.P. was then 
prepared by adding 1-5 per cent. v/v. of absolute alcohol to our pure chloro- 
form and the specific rotation of anhydrous emetine hydrochloride (sample 1) 
determined in this solvent. The figure obtained was +47-3° (c. 2-0). 

It is evident that the actual figure for the specific rotation is greatly influ- 
enced by the alcohol content of the chloroform used as solvent and, on this 
account, we believe that it is more reliable to carry out the determination 
with an aqueous solution. In our experience, emetine hydrochloride has 
-t 17-8° when determined on an accurately prepared 5 per cent. w/v. 
solution of the anhydrous salt in water. Indeed, we have examined hundreds 
of samples in aqueous solution and the specific rotations have never deviate 
from + 17-8° by more than a few tenths of a degree. Further evidence ot 
the erratic results, which may be obtained when using chloroform as solvent, 
was afforded when we decided to repeat our work a week after the origma 
experiments. Our pure chloroform had then become slightly acid in reaction 
owing to decomposition. The specific rotation of anhydrous emetine hydro 
chloride in this solvent was +72-86°, but after purification of the ch oro 
form a figure of +59-81° was obtained. 

The Wellcome Chemical Works. Dartford. A. E, Beesley. 

January 27. 1949. E; Poster. 

Reference 

1. Carr and Pyman, J. chem. Soc., 1914, 105, 1604. 
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/ 7 rr/.r«fc I*) after the name of an article indicates that the information 
oiJen is derived froL the makers' publications. Further information regarding 
%ese articles may be obtained by application to the Editor. 

Abides Drops* are a stable, non-oily and non-alcoholic multivitamin 
solution intended for the prevention and treatment of vitamin deficiencies, 
particularly in children. Each 10 min. {30 drops) contains ; vitamin A 5000 
I.U. vitamin D 1000 I.U., aneurine hydrochloride 1 mg., riboflavine 0-4 mg., 
nicotinamide 5 mg., ascorbic acid 25 mg. The drops are well tolerated by 
infants and children, and may be taken directly or mixed with milk, fruit 
juice soup or other foods; they may also be safely added to the contents of 
the infant’s feeding-bottle. The average daUy dose for infants under 1 year 
is 5 min., and for older children 10 min. The drops are supplied in lOrml. 
bottles, with a dropper. s. L. w. 


Beplex Elixir* is an aqueous extract of rice bran with members of the 
vitamin B complex added so that each ml. contains : aneurine hydrochloride 
0-125 mg., riboflavine 0-25 mg., nicotinic acid 1-25 mg., calcium pantothenate 
0-625 mg., together with significant amounts of choline, inositol and other 
factors; it also contains 16 per cent, of alcohol. The dose is 2 fl. dr. daily, 
or as prescribed. Beplex capsules contain; aneurine hydrochloride 1 mg., 
riboflavine 0-80 mg., nicotinamide 10 mg., pyridoxine 0-012 mg., and panto- 
thenic acid 0-013 mg. The dose is 3 or more capsules daily. The elixir is 
issued in 4-ounce bottles and the capsules in bottles of 50. - s. l. w. 


Bismuth Sodium TriglycoUamate. (New and Non-official Remedies, J. 
Amer. Med. Ass.. 1948, 138, 749.) Bismuth sodium triglycollamate 
(CiiHosOjsNiBiNaj) is a double salt of bismuthyl sodium triglycollamate 
and disodium triglycollamate, containing about 18-3 per cent, of Bi. It is 
a white, odourless, stable, crystalline powder with a saline taste, soluble 
in water and insoluble in organic solvents. It must comply with limit 
tests for carbonate, chloride, sulphate, nitrate, lead, copper, silver, arsenic 
and moisture. It is assayed by igniting at TOO'C., precipitating the bismuth 
with hydrogen sulphide and weighing the bismuth sulphide obtained. 
Bismuth sodium triglycollamate is used for the oral administration of 
bismuth in the treatment of syphilis, alone, or in conjunction with other 
antisyphilitics. It has the same contraindications as other bismuth prepara- 
tions. The total daily dose is 0-82 g, (equivalent to about 150 mg. of bismuth) 
to 1-23 g. (225 mg. of bismuth) given in 2 or 3 divided doses. It is supplied 
in the U.S.A. as tablets containing 0-4) g. (75 mg. of bismuth) under the 
trade-name Bistrimate. n 


Dermogesic Ointment* contains, in each 100 g., calamine 8 g., benzocaine 
3 g., and hexylated metacresol 0-05 g., in a vanishing cream base. It is a bland 
non-greasy, analgesic ointment for the relief of irritant skin conditions It 
IS supplied m I oz. collapsible tubes. o , ^ 


Difaydrocodeinone Bitartrate. (New and Non-official Remedies J Amer 

rH o'" DIMrocodeinonf Si 

C.HcO,, 2iH,0) IS the hydrated bitartrate of dihydrocodeinone and occurs 
as a white, odourless, crystalline powder, soluble in water and slightly soluble 
m alcohol ; a 5 per cent, aqueous solution has pH about 3-5 lUs iLntified 
by m. p,. of ,h. ba„ from mo^S 
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by treatment with a solution of selenious acid in sulphuric acid ; dihydro- 
codeinone gives a green' colour, which changes to blue and then slowly to 
purple, whereas morphine gives a blue colour, which changes to green and 
then to brown. Dihydrocodeinone bitartrate in sulphuric acid' solution gives 
no colour with ferric chloride (distinction from codeine). It is assayed b) 
dissolving the precipitated base in excess of sulphuric acid and titrating back 
with sodium hydroxide. It has an action similar to that of codeine, but 
weight for weight is more active and more liable to cause addiction. It is 
used to allay cough in the same manner as codeine, but it has no clear-cu 
advantage over the latter. The adult dose is 5 to 15 mg. given 3 or 4 time, 
in 24 hours; children of 2 years and over may be given half the adult dose 
and younger children one. quarter the adult dose. It is supplied m 
U.S. A. under the trade-name “ Hycodan.” 


Kobornyl Thiocyanoacetate, -Technical. {New and Non-official Remedies, 
J. Amer. mcd. /(vs., 1948, 136, 1099.) Isobomyl thiocyanoacetate contai 
82 per cent, or more of Q 3 H,,ON,S, mol. vvt. 253-35 with othe teipenes. 
It is a yellow, oily liquid; odour terpene-hke; very soluble in alcoho , 
clrloroform and in ether, practically insoluble m water, ^^fra^ - 
l-512;'weight per ml. at 20'=C., 1-1465 g.; acid nurnber, '’I/- 
of 2N alcoholic potassium hydroxide is added to 25 mg. of 
cyanoacetate-technical and the solution heated for 5 mimi e _ 
diluted sulphuric acid, and a few drops of ferric 

solution added, a red colour develops. When 1 ml. of a P5;“KomW thio- 
solution of ferrous sulphate is added to the heated ^ ^rmed 

cyanoacetate and alcoholic potassium hydroxide tind 'he solutio ® 
for another 5 minutes and acidified with diluted “ a 5 ml. 

develops. On adding 1 ml. of 2N alcoholic potassiuin hydroxide to 

of a 10 per cent, alcoholic solution a yellow 'I^/^^'jJjoPc^are^bfained 

deep orange, is formed. Isoborneol crystals, m.pt. - ,u-”K';pHidahl method, 
by hydrolysis with potassium hydroxide. Nitrogeri, ^bornyl thio- 

should not be less than 4.6 per cent., which is ‘ 5 per cent, 

cyanoacetate content of 80 per cent. An oily sodium sul- 

isobornyl thiocyanoacetate-techniral and 0-6 per cent, of dio y ^ ^ 

phosuccinate, is an effective pedicuiicide. ’ 

Myauesin* is a proprietary brand of “ = 
propaae, and i, the most eSeet iv. mentber of a ^ 4 , 

possessing muscle-relaxing properties ^ f mvoneural juncUon 

reflex excitability of the centres, and consciousness 

as does curare. It does not act on - g produce respiratory 

is not affected. Even in paralysing oS of the abdomina 

arrest Its use is indicated whenever complete relaxation 

musculature is required surgically '^JJ^^f^^^t^nerfl anmsthetic or com- 

antesthesia. It is suitable for iis 'inu-avenously, usually in doses 

bination of anresthetics, and is administered j 2 

of 5 to 10 ml. of a 10 per cent. "felfect of the dose lasts for 

minutes before relaxation is function, or where 

20 to 30 minutes. In paOents w administered as a 

a prolonged operation is m g addition of the contents of a 10 m • 

2 per cent, solution (prepar s Myanesin is issued in boxes con- 

ampoule to 40 ml. o i“^^i„„Tml. of 10 per cent, solution, 

taining 3 or 12 ampoules each containing ^ ^ ,,, 
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Panliftol* tablets contain 2i grains of pancreatic extract and 1/10 grain 
of thyroid (B P 1932). The tablets are recommended for the control ot 
essenUalivpertension, and in the treatment of borders ^ch as Raynaud s 
sxmdrome in whibh there is peripheral vascular spasm. The recommended 
initial dosage is 1 tablet 3 times daily, taken half an hour before mieals. 
if necessary, the dose mav be increased to 2 or 3 tablets 3 times daily.- 
The admiiiistration of the tablets should be combined with the routine 
measures for the care of the hypertensive patient. Panlittol tablets arc 
issued in bottles of 24. 100, 500 and 1.000. s. L. w. 


Phstodermine* cream and powder are preparations for the treatment and 
prevention of fungous infections of the skin, particularly athletes foot. 
The cream, which' is applied to the affected part at night after bathing, 
contains phenylmercuric acetate 0-167 per cent., terpineol 1 per cent, and 
salicylic acid 3 per cent, in a water-miscible base. The powder, which is 
dusted into socks and shoes in the morning, contains methyl parahydroxy- 
benzoate 5 per cent., salicylic acid 5 per cent, and perfumed talc 90 
per cent. s. l. w. 


Promanide* is pp'-diaminodiphenylsulphone-N.M'-di-dextrose sodium sul- 
phonate (promin) in the form of a jelly containing 5 per cent, in 
a water-soluble tragacanth base, for topical application in the treatment 
of accessible tuberculous lesions, or of a 5 per cent, water-soluble ointment 
for surface application in conditions such as the ulcerative type of lupus. 
From 3 to 10 ml. of the jelly or ointment may be applied 2 or 3 times a week 
or more often, or the jelly may be injected into the abscess or sinus. Pro- 
manide jelly and ointment are supplied in 2-oz. jars. s. L. w. 


Promin* is pp'-diaminodiphenylsulphone-M,N'-di-dextrose’ sodium sulphonate 
and is employed by intraNenous injection in the tieairoent of leprosy. The 
treatment must be contiuued over a period of many months, the average intra- 
venous dose being from 2 to 5 g. (from 5 to 12-5 ml. of promin solution), 
administered daily for 6 consecutive days and omitted on the seventh, with 
an interval of I week at the conclusion of each 2 weeks' treatment. Serious 
toxic reactions are rare, but patients should be under constant observation 
and blood counts taken eveiy 2 weeks. Encouraging results are also claimed 
for the use of promin in tuberculosis. It is not a sterilising drug in tuberculosis, 
and the terminal stages of the disease are not improved, but arrest or temporan' 
stabilisation of the disease can be expected in selected cases of early non- 
destructive lesions. The best results have been obtained in the preparation of 
patients for surgical procedure. Promin is supplied in sterile aqueous solution 
in 5 ml. ampoules containing 2 g. and in 12-5 ml. ampoules containinc 5 c. 
It is issued in boxes of 25 ampoules. s. l7\v.' 


d-Tubocurarine Chloride. (iVeu- and Non-official Remedies. J. Amer. med. 
4ss.. 1948. 138, 821.) d-Tubocurarine chloride 5H«0) is 

the crystalline chloride of a quaternary base alkaloid obtainable from the 
bark and stems of Cliondodendron tomentosiim and related species (a tentative 
structural formula is given). It is a colourless or yellowish-white to <Tev 
or light brown odourless, crjstalhne powder, soluble in water, sliehtlv soluble 
^most insoluble in chloroform and ether ; m. pt. about 265" 

Folin rw u “if blue colour when treated with 

olin Ciocall^ phenol reagent and sodium carbonate and heated in a 
water-bath. Other identification tests depend upon the production of a pink 

(Commucd on pa^c 272) 
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NEW APPARATUS 

APPARATUS FOR FILTRATION UNDER REDUCED PRESSURE 


By E. D. Banks 

From the Aiiolyticat Control Laboratories, May & Baker, Ltd. 
Received February 10, 1949 

During analytical operations, in order to avoid quantita- 
tive transference of a filtrate and the further washing 
involved, it is frequently advantageous to filter under 
reduced pressure into a vessel not made to withstand i ■ 
The apparatus described, which can be used for direct 
filtration into various sizes of beakers, separators, basins, 
flasks, etc., is simple and readily constructed. The meta 
parts are easily made in the laboratory workshop, w le 
the glass tubing and glass discs are standard items whic 
can be obtained from suppliers of chemical glassware. 
The apparatus consists of a standard l2-in length o 
4-in. diameter butt-ended Pyrex tubing (a) of approxi 
mately -j-in. wall sealed at the bottom with a 6-in. g 3ss 
inspection-disc (b) cemented with Canada balsam o 
other suitable adhesive. The top plate (c) is ^3 
from a 6-in. diameter metal disc about i-m. ^ 
drilled with a central 1-in. hole and fitted with a 4 ■ 
diameter tube for connection to the pump brazed half-way between 
centre and circumference. A rubber washer (d) forms a gasket be x 
plate and glass tubing and a second thick rubber washer (e) 
tight junction between the filter funnel or Gooch adaptor arid the 
disc. Using the above dimensions filtration is possible into graduateU a 
up to 500 ml. and separators up to 250 ml. capacity. Smaller appar 
be raised to a convenient height on wooden blocks. 



JylEW REMEDIES {continued from page 271) ^ 

colour with Reinecke’s salt and a yellow colour with at 

sulphuric acid and potassium iodate. d-Tubocuranne chlor dr 

lOOX. for 4 hours, loses not more than 11 -5 per cent, of Material, 

contains 9-5 to 10-2 per cent, of chlorine. xvith 

The weight of the residue obtained by treating an f “J °"oform 

sodium bicarbonate, extracting with ‘chloroform, removing ^ried^materiai. 
and drying is not more than 3 per cent., caRub ted on ;^,hloric 

and the residue itself is insoluble in water, but 5°’“^ ^ in di 
acid. d-Tubocurarine chloride has a specific rotation in p . ,5 

solucion of -20S- F™ SardiS WoCaS; W,*' 

d-tubocuranne chloride is -1-215 ). u If , , , j hDSO, calcu- 

rabbit “ head-drop " "tethod; the standard head-drop^^ dose TO 

lated as C3,H440«NX1.., 5H,0, isO j chloride is used to reduce 

to the method of assay in anaesthesia, shock therapy, 

the tone or contrac lie power of ^ the diagnosis of myasthenia 

and in certain spastic states. It is also usea 10, ^ ^ ^ 

gravis. 
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review article 

THE PHARMACOLOGY OF CURARE AND CURARISING 
SLTBSTANCES 

By W. D. M. Paton. B.A., B.M. 

National Institute for Medical Research, Hampstead, N.ll'J 

Historical 

Eighty years have now elapsed since Crum Brown and Fraser' in a 
paper still worth close study, laid the foundations of our knowledge of 
the relation between the chemical structure and the pharmacological 
action of quatemarj’ salts. Even at that early date, they referred to 
the therapeutic possibilities of the new compounds they had described, 
and to their advantages over curare in being “readily obtained in a 
state of perfect purity, and, therefore, of constant strength.” It is only 
in recent years, however, that either a nathral alkaloid or a synthetic 
curatising substance has emerged in good supply and of the required 
properties. This rapid progress has been greatly stimulated by King’s 
determination of the structure of d-tubocurarine chloride^-^'® by the 
success of Bennett® in softening therapeutic convulsions with a curare 
extract prepared by MacIntyre and standardised by Holada 3 '’s rabbit 
head-drop method; by Griffith and Johnson’s pioneer demonstrations of 
the usefulness of curare in antesthesia"; by Wintersteiner and Dutcher's 
isolation® of a potent curarising extract (intocostrin) rich in d-tubo- 
curarine chloride, from a knorni botanical species {Chondrodendron 
tamentosumy, and by the discovery of Bovet and his colleagues of 
synthetic compounds with a potency comparable to that of the natural, 
alkaloids"’''’’"-'--'®. As a result of this and other work, the clinician 
now commands a choice of reliable and well-studied compounds, and the 
pharmacologist has been enriched by many stimulating (and often be- 
wildering) additions to his knowledge. 

Recent Literature 

Four important reviews should be consulted for detailed references: 
Ing has reviewed the relation of the chemical structure of onium salts 
to their pharmacological action in an authoritative article". MacIntyres' 
“Curare”" is a vety \aluable source-book, particularly on the history 
of the subject: Bovet and Bo\et-Nitti*® have reviewed recent work, par- 
ticularly their own studies of “ curares de sv'ndiese “ : and Craig'® has 
compiled and discussed a %eiy extensive list of compounds tested up 
till 1947 for curansing action. There are many reports of use in medi- 
cine, surgery and anasthesia. for which reference should be made to the 
clinical journals. A recent discussion by Kuffler, Acheson, Welsh and 

Hart’ey" of theones of neuromuscular transmission also desert'es atten- 
tion. 

The present article is not intended to be a comprehensive suney of 
the subject, but attempts to review important features of the work of 
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recent years in the light of previous knowledge, and to indicate some 
of the problems remaining unsolved. 

Modes of “ Curarisation ” 

The term “ curarisation ” is no longer restricted 'in current use to that 
form of neuromuscular block caused by curare, but is sometimes used 
where similar effects are produced by other drugs, even where no more 
than muscular relaxation is meant (e.g., the action of myanesin). This 
implies, of course, a considerable widening of the meaning of the word, 
and a corresponding risk of confusion. But such extension of meaning 
is not altogether inappropriate: for block at the neuromuscular junction 
can be regarded as a special case of synaptic block, which may also occur 
at the ganglionic or central nervous synapse. Dale'® and Feldberg'" 
have discussed the evidence that the transmissions at each of these 
synapses possess features in common, with particular reference to the 
possibility of a common mechanism of chemical transmission. It should 
be noted that if this evidence is accepted, the failure of curarising sub- 
stances to exert similar actions at each type of synapse is a fact of the 
first importance. For the time being, however, the interests of clarity 
are best served by simply describing, with particular reference to the 
neuromuscular junction, the different kinds of synaptic block that can 
be referred to as curarisation. The opportunity will be taken, in doing 
this, of mentioning some of the recent additions to knowledge in this 
field. 

1. The Neuromuscular Junction, { a ) The action of cware alkaloids. 

Classical experiments have established that after paralysis of a muscle by 
curare to excitation through its nerve, conduction in the nerve trunk is 
unaltered and the muscle can still give a propagated contraction in re- 
sponse to direct electrical stimulation. The site of the paralysis is thus 
localised to the nerve terminals and motor end-plate. Dale and his col- 
leagues have further shown that the terminal nerve endings of tte 
curarised muscle still liberate acetylcholine, and that arterially injected 
acetylcholine is antagonised as much as, or more than, the effect of a 
nerve volley. Apart from the relevance of these facts to the mechanism o 
neuromuscular transmission, they are also important criteria of curare- 
like action. To them may be added the inhibition by curare of the con 
tracture of frog’s rectus due to acetylcholine; the antagonism of anti- 
cholinesterases to the actions of curare on the neuromuscular junction, 
the failure of the partially curarised muscle to sustain a tetanus; and 
the revealing, under suitable conditions, of a transient potential me 
end-plate excited by nerve stimulation, which has been closely studied 
and termed the “end-plate potential” by Eccles and his colleagues. 
These, among other characteristics, constitute a highly specific picture. 

The' normal conception of neuromuscular transmission at present is 
as follows : the wave of excitation reaches the nerve terminals, and there 
causes the discharge of acetylcholine in close relation to the motor end- 
plate This discharge depolarises the end-plate (giving rise to the end- 
plate potential) and the depolarisation of the end-plate in turn excites the 
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muscle fibre. If this conception is accepted, then the characteristic 
actions of curare lend themselves very readily to the belief that curare 
acts by raisins the threshold of the motor end-plate to excitation by 
acetylcholine, and that it exerts this action by competing for the acetyl- 
choline receptor sites on the end-plate. But although this view of its 
action is both plausible and widely held, it cannot be said to be estab- 
lished beyond all question, for there are many phenomena of curarisa- 
tion that still remain unexplained. It certainly provides, however, a 
most useful working hypothesis. 

It is unfortunate that the specific tests mentioned rarely used 
to verify that a substance is “ curare-like proof of excitability of nerve 
and muscle is commonly omitted, and investigation of effect on acetyl- 
choline release is a rarity. One test sometimes used, that of antagonism 
by anticholinesterases, is, by itself, useless, since these substances may 
areatly increase the tension of the twitch of the normal uncurarised 
muscle. 

(b) The action of bistriinetliylammonium decane diiodide (CIO). This 
compound, which will be further discussed below, is curare-like in four ' 
respects; during its action, conduction in nerve is unaltered, direct 
excitability of muscle is retained, iniected acetylcholine is rendered 
ineffective, and release of acetylcholine by motor nerve stimulation is 
not prevented. But there are also important differences; CIO itself 
elicits a contraction of frog’s rectus; it is not antagonised by anti- 
cholinesterases, although C5 (the pentane homologue) is an effective 
antagonist; its activity varies very greatly with species of animal used for 
test; and it produces a depolarisation of the muscle membrane-“. None of 
these effects is shown by curare. The mode of action of CIO is still 
uncertain, but these and other differences from curare are sufficiently 
great to make it necessary to distinguish the actions of the two drugs. 

(c) The action of anticholinesterases. Eserine has long been known 
as a depressant of the muscular contraction caused by a tetanus of the 
motor nerve, although it usually augments the tension of single twtches. 
This depressant action exerted both by eserine and by other anticholin- 
esterases, is due to the accumulation of paralysing concentrations of 
acetylcholine at the end-plate (Brown, Dale and Feldberg^^). It is not 
possible, however, to exclude entirely some direct action by the anti- 
cholinesterase itself (cf. Riker and Wescoe-=). 

(d) The action of substances depressing the release of acetylcholine. 
Harvey” has presented evidence suggesting that some of the neuro- 
muscular block caused by procaine is due to interference with release 
of acetylcholine by the nerve-ending. A similar block is caused by 
botuhnus toxin (Burgen, Dickens and Zatman”) after which progressive 
failure of transmission occurs, although nerve and muscle remain 
excitable; acetylcholme injected is still effective, but release of acetyl- 
^ohne IS depressed. Brown and Harvey” and Brown and Vianna 

T""’ i’’? ■ acetylcholta release also 

solauoos Ah t ptapteir-'' " 


275 


W. D. M. PATON 


2. Thb Ganglionic Synapse. Depression of transmission at tk 
synapse of the superior cervical ganglion by curare, without loss of 
excitability of preganglionic fibres or of ganglion cells, or abolition of the 
release of acetylcholine has been shown by Brown and Feldberg-^ Brown 
and Feldberg^® have also demonstrated block of transmission due to 
accumulation of acetylcholine in the presence of eserine. Harvey-* 
found that procaine blocked transmission by preventing release of 
acetylcholine at preganglionic nerve terminals, and Harvey and 
Macintosh-® have shown that calcium lack in the perfusion fluid leads 
to the same result. Block by injection of large doses of potassium has 
also been described (Brown and Feldberg®®), 

The same types of curarisation ” may, therefore, be seen in the 
ganglion as at the neuromuscular junction. One of the most interesting 
developments recently, however, has been the observation that a 
“ curadsing ” compound which is active at the neuromuscular junction 
may be relatively inactive on the ganglion and vice versa. It has, of 
course, been known for some time that tetraethylammoniiim iodide, 
although of neglible activity at the neuromuscular junction, is a powerful 
paralyser of ganglionic transmission (Burn and Dale*^, Acheson and 
Moe®^). Depierre” studied this point on certain of Bovet’s ethyl-choline 
ethers of phenol and polyphenols, using the contraction of the cat’s 
nictitating membrane excited by stimulation of the cervical sympathetic. 
These compounds can be arranged in a series in which curarising activity 
increases as ganglionic activity diminishes (so that the ratio of curarising 



injected intravenously into the cat requires only 1 -0 mg. /kg. to affect the 
superior cervical ganglion, but 10 to 20 mg./kg. or more are required to 
depress neuromuscular conduction; CIO, on the other hand, active at the 
junction in a dose of 30ng./kg. requires more than 3 mg./kg. to 
ganglionic transmission. The ratio just mentioned is thus more than lOu 
for C5 and less than 0-01 for CIO. It is clear from these and similar 
results that activities in paralysing neuromuscular transmission an 
ganglionic transmission can be very widely dissociated. 

3. The Central Nervous Synapse. No method yet exists adequate to 
determine whether a given depression of activity by the spinal cord or 
brain is due to paralysis of transmission at the synapse rather than to 
failure of conduction in neurone or axon. The action of a drug such as 
myadesin however, suggests some such action, since it can depress re ex 
activity without depressing conduction in a peripheral nerve. The pom 
most relevant, at the moment, is the remarkable lack of central action ot 
drugs such as d-tubocurarine chloride or CIO. Some of this inactivity 
may be due to failure to pass through the capiUaries of the central nervous 
system, which cations traverse but slowly (Krogh®^). But even when 
curare is administered more directly, it appears most commonly to 
exert a central stimulant action. It is possible, therefore, that the central 
synapse is, like the neuromuscular and ganglionic synapses, relatively 
specific as reaards the agents which block it; we have to contrast drugs 
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like curare (^notabh paralytic on the neuromuscular junction and 
sanalionic synapse, but centrally stimulant); tetraethylammomum iodide 
(alrnost inactite at the junction, highh active on the superior cervical 
eanelion, and of mixed action on the central nervous sptem) (Salama’''*); 
and" myanesin (mactne on neuromuscular conduction but centralis 

depressant). . . 

In referring, therefore, to " curansation " in its extended sense, it is 
necessary to specif}' both the s}’napse at svhich paralysis of transmission 
of excitation occurs, and the mode of that paralysis. A tentaas e sumrnary 
of the modes of paralysis of transmissiori due to various drugs described 
can be attempted, (a) Competition block (e.g„ curare) m svhich the thres- 
hold of the end-plate to acetylcholine is raised; (b) depolarisation block 
(e.g. potassium chloride and possibly CIO); (c) block by accumulation of 
acetylchohne (e.g. anticholinesterases); (d) block by transmitter failure, 
either by immobilisation of acetylcholine (e.g. procaine, calcium lack), or 
by deficiency of acetylcholine (e.g. botulinus to.xin). This sariety of 
modes of “ curarisation " makes it essential to define clearly svhich is 
being used, esen if the fundamental mechanism of the particular type of 
block is not fsilly understood. These distinctions become ah the more 
necessars' if any attempt is to be made to relate curarising ’’’potency to 
chemical structure. For the purpose of this resiesv. the distinctions just 
made nill not be pursued, and discussion sstH be confined to the pharma- 
cology of compounds producing block of curare-like or Cl 0-like 


character. 


Natxiral Alkaloids 


1 . The Cur-sre Group. The total number of such alkaloids is sery 
large. For practical purposes three should be carefully distinguished ; (a) 
OCH; 


(CH.1.C1 




r v / — X ^ 

li 

Cl “ 

OCH. 

Fig. I . Structure of rf-Tubocuranne chloride. 


curanne chlonde; this is the material isolated bv Boehm from calabash 
curare, much used in experimental work before 'the isolation of d-tubo- 
^ranne chlonde: (b) d-tubocurarine chloride (d-T.C.), isolated by Kin-^^ 
from tube curare, whose structure was finaUv determined bv him'- (c) 
intocostrm an extract prepared by Squibbs. rich in d-tubocurarine 
chloride; the mtocostnn unit is equivalent to I ms. of a standard pre- 
paration from Chondrodeiidron tomentosum, and the activity of 6-5 units 

llTtLv “ Cu2 ^ '^Woride, on the rabbit head- 

^ IS used m this review as a seneric term when the 

distinction between the above substances is not important. 
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The main features of the pharmacology of these substances at the 
neuromuscular junction have already been described; further details will 
be found in the references cited. But other properties of the compounds 
have recently come into prominence arising particularly with reference 
to the possibility of side-actions in clinical use. 


(a) Liberation of histamine. The observation that curarine liberated 
histamine from muscle by Alam, Anrep, Barsoum, Talaat and 
Weininger^® has been repeated by Gregory and Schild^S the latter showed 
that d-T.C. exerted this action- both on the perfused tongue of the cat 
and on the rat’s diaphragm. Grob, Lilienthal and Harvey^® have ex- 
tended these results to man, showing that d-T.C. injected into the 
brachial artery causes flushing, oedema, and itching of the ann, which is 
lessened by anti-histamines, and that injected intradermally it causes a 
typical “ triple response.” Striking confirmation of this work was pro- 
vided by Landmesser^", who showed that d-T.C. caused fall of bloo 
pressure in spinal dogs and bronchoconstriction of guinea-pigs lung 
similar to that caused by peptone, and that these effects were prevente 
by antihistamines. Further, he observed that occasional 
refractory to the effects of d-T.C. Oust as they are to peptone), nn 2 
sensitive animals could be made refractory to peptone by previous mjec 
tion of adequate doses of d-T.C., or vice-versa. d-T.C. 
peptone rather closely, and it is highly probable that, as with pep • 
the liberation of heparin accompanies the liberation of histamm ) 
the drug. As Landmesser points out, the practical application 0 
results is difficult, since, for instance, anesthetics depress the reiea 
histamine. But it is clearly desirable, at least, that compoun 


active in this respect should be investigated, 

(b) Actions on the C.N.S. That d-T.C. has some central stimuto 
property has already been mentioned. The experimental resu 
field, however, are still somewhat confused. References ® 

action of curare when applied directly to the central " 
may be found in the reviews mentioned. Salama has r y 
these results, administering d-T.C. directly into the ^itb 

is common to see a stage of excitement ^ece ing the 

d-T.C., particularly with smaller anunals. Everett 
convulsant action of d-T.C. given intrac.stemally 

other hand, it also has been claimed Pisber^i report 

may have a narcotic or anesthetic action ^hitacre and Fishe 

an Ulustrative case from their surgical J careM and 

Prescott, Organe and Rowbotham , h^ever, fail tu 

courageous experiment by Smith, Brown, To^n_and Go^m^ 
substantiate this. In the latter paper, ana deenlv that not even 

tion of a volunteer, - « 

the most tnvial % rience was furnished by the subject 

and intelligent narrative Wood” found no alteration 

after recovery. Kellgren McG “p jon and Zaimis«, studying 

in sensation after small doses of d-T.C. l^aton 
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the tespiratory depression by d-T.C. found that the discharge down the 
phrenic nerr’e of the cat was not depressed by an intravenous dose of 
d-T C sufficient to abolish spontaneous respiration. It seems unliKely 
from this and other worlc, therefore, that the central actions of d-T.C. 
are important after intravenous doses, probably because (as meuUouw 
above) it would not be expected to pass very readily through the capil- 
laries of the central nervous system. 

(c) Ac’ion oJi autonomc ganglia. Curare has long been known to 
depress ganglionic transmission, as has been already mentioned. Such 
action has, indeed, been suggested as the basis of an assay method, in 
which inhibition of the peristaltic reflex of isolated intestine is used to 
assay d-T.C. or kindred drugs (Feldberg and Lin<«). Gross and Cullen^" 
have shown that in the dog, curarising doses of intocostrin or d-T.C. 
cause inhibition of peristaltic activity by stomach and small intestine, 
with some loss of tone; fall of blood pressure was also sometimes ob- 
served. Heymans^®'"'' found that rapid injections of intocostrin cause 
a fall of blood pressure and depression of the cardiovascular reflexes, 
but that with slow injection of the same dose these actions did not appear. 
ProsPgmine did not abolish these effects. 

(d) Antagonism by certain dyes. An old observation that certain dye- 
stuffs antagonise curare has been reinvestigated by Kensler®“. Congo 
red, chlorazol fast pink and Evans Blue are highly effective at both 
preventing and relieving paralysis of frogs by d-T.C. The action is due 
to the formation of a precipitable complex, in which form d-T.C. is not 
active. The phenomenon promises to be a useful tool in suitable cir- 
cumstances. 

(e) Anticholinesterase action. Some of the earlier preparations of into- 
costrin contained material with an appreciable power of inhibiting 
cholinesterase (Harris and Harris^^). Pure d-T.C., however, has slight 
activity m this respect; the materials responsible were tertiary bases of 
negligible curarismg activity. The finding is of interest, in view of the 
extent to which anticholinesterase action has been observed among 
synthetic compounds. 


2. Dimethyl Ether Of rf-TuBocuRARiNE Chloride. It has been known 
for some time that methylation of d-T.C. mcreases its potency. Further 
studies (Collier, Paris and Woolf”) have shown that the dimethyl ether 
IS about 10 times as active as d-T.C. in rabbits, and that it 'displays 
certoin species differences in potency and duration of action. In the main. 
It is very similar to d-T.C., but considerably more active. Successful 
clinical trials have been reported by Stoelting, Graf and Viera”. 

3. The Erythrina Alkaloids Exceptional interest attaches to these 
compounds, of which eiythroidme (from the seeds of the legume 
Erythrina Americana) and fl-dibydroerythroidine (obtained by hydro- 
genatmg erythroidine) are the most important. (Erythrina extracts are 

if ^ treatment of convulsions as Iona ago as 

1887.) They are at present unique in being highly active and yerpossess- 
mg only trivalent nitrogen atoms; on converting the latter to quaternary 
nitrogen, the compounds dimmish greatly in potency. So far as their 
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action at the neuromuscular junction is concerned, they resemble the 
curare alkaloids, having I /5th or less the activity of rf-tubocurarine 
chloride, and they are antagonised by anticholinesterases. In other 
respects, there are important differences; the erythroidines are active by 
mouth; they do not possess anti-esterase activity (Harris and Harris’'); 
they do not share the ability of d-tubocurarine to liberate histamine 
(Landmesser^®); they are not antagonised by Congo red (Kenslet^“); they 
possess a feeble atropine-like action. Clinical trial has been reported 
(Harvey and Masland^^, Dripps and Sergent®®); the most serious disad- 
vantage appears to be a depression of the blood pressure with effective 
doses; respiratory depression is also co mm on. It is to be hoped that 
other members of this series may be discovered which are free from 
these defects. 

4. Other Natural ALKALotos And Their Derivatives. The compre- 
hensive study of quinine methochloride by Harvey®® requires mention; 
this is one of the few compounds investigated whose action on the release 
of acetylcholine has been tested; in paralysing doses, it fails to prevent 
such release in the superior cervical ganglion of the cat. It is curare-like 
in most respects, is about I /40 times as active as d-T.C.. and is active by 
mouth. Trials in man have been reported by Harx'ey and Masland®h A 
large number of other related alkaloids of the cinchona group have also 
been studied but are not promising clinically. 

Among compounds related to d-T.C., the fsochondrodendrines (Marsh 
and Pelletier®0 and the chondrodendrines (Marsh, Sleeth and Tucker®®) 
have been investigated; in both groups variation of potency with species, 
and increase in potency by methylating free hydroxyl groups were found, 
analogous with the effect of methylating <f-tubocurarine chloride. 
Another related compound, N-methyl oxyacanthine (Marsh, Herring and 
Sleeth®") is of interest, since in man it lessens salivary secretion, and has a 
weak atropine-like action (antagonising the depression of dog’s blood 
pressure by acetylcholine). 

The most potent known curarising substances are the toxifermes, 
isolated by Wieland from calabash curare; they are effective in doses of 
the order of lOug./kg. in frogs and rabbits. So far as is known, however, 
they do not appear to be sufficiently free from side-actions of various 
kinds to be suitable for therapeutic use. 

On the whole, therefore, only two serious rivals to ff-tubocuranne 
chloride have emerged from the natural alkaloids and their derivatives-— 
the methyl ether of <f-T.C. itself, and the p-erythroidines. Apart from 
questions of potency the compounds do not differ significantly froin 
curare, and do not, for instance, eliminate the need for careful control 
of respiration. Information is not yet adequate to assess their side- 
actions in clinical use. 

From the pharmacological side, </-T.C. is clearly not the ideal 
curarising agent, because of its ganglionic action and its power of liberat- 
ing histamine. Its depression of the respiratory minute volume is 
probably less important, since modem methods of anffisthesia are fully 
adequate to maintaining artificial respiration without inconvenience. A 
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technical disadvantage of it is that some preparations cannot be given 
simultaneously with pentothal owing to mutual precipitation. Fmally. 
it is a drug that is relatively expensive and difficult to prepare in the pure 
ststc 

Anainst all this, it is important to realise that it is with this compound 
thatffie use of curarising substances in anaesthesia has established itself; 
this rapid success, and the widespread search for substances of similar 
action are, indeed, sufficient testimony to its value. 


StTOHETic Curarising Substances 


1, Early Work. The first synthetic compound exhibiting curare-like 
activity, tetramethylammonium iodide, (NfCHj)!.!.) was made by Crum 
Brown and Fraser- in 1869, and provided them with a striking confirma- 
tion of their theories. Its curariform action is not’ strong and its power 
of stimulating autonomic ganglia is its most prominent action in the cat. 
followed by a weaker paralysing action on ganglia; it also possesses 
appreciable muscarine-like action (Bum and Dale^O- Bacq and Brown®® 
found that it could also elicit a contraction from mammalian striated 
muscle, and it is known to cause a contracture of frog’s rectus. It is 
typical of the many related compounds that they possess, besides curari- 
form activity, some or all of these other activities in some degree — some 
of them also possessing anticholinesterase potency. But none of the 
synthetic monoquatemary salts, whether simple tetralkylammonium 
halides or choline or betaine derivatives, proved to be sufficiently potent 
or free from side-actions even to approach the natural alkaloids. 

2. BovCT’s Compounds. The work of Bovet and his colleagues marked 
an important advance. Taking as a model the structure of d-tubocurarine 
chloride (which had been almost completely defined by Kins at that time). 

/V\ /\/x 

1 i 1 I 1 

>/\/ \Ak/ 

Lh-i O CH. CH.-CH.-CH. CH. O z' ' „ ^ 

(a) 5381 R.P. Head drop dose = 0.25 mg./ke. 




V /— O-CH. CH. CH. CH. CH.-O J 1 

Y ■ ' ■ 

N(CH,yi llxCH,),-! 

(b) 3565 R.P. Head drop dose = 0.2 mg./kg. 

O CH. CH- N(C.HJ, 


-OCH.CH.NtC.Hs), 


OCH.-CH.-N(C,R), 

(0 3697 R.P.. 2559 F, flaxedU : Head drop dose = 0.5 mg./kg. 
Fig. 2. Synthetic curarising compounds (Bovet). 
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simpler related structures were synthesised. Using this basic structure, 
variations of chain-length and quaternary substituents were studied. The 
first compound reported (Bovet, Courvoisier, Ducrot, and Horclois’), 
3381 R.P., is also the first synthetic compound that resembles curare at 
all closely, in being potent and sensitive to anticholinesterases (Fig. 2(a)). 
It possesses, in addition, some anticholinesterase potency (Halpem, 
Benda and Bourdon®^). 

The next step was a further simplification of structure, as a result 
of which 3565 R.P. (see Fig. 2b) was described (Bovet, Courvoisier, 
Ducrot and Horclois^^). This compound, too, is highly active, but does 
not possess anti-esterase action; it is antagonised by anti-esterases, and 
has some nicotinic action. 

The third main series were the choline ethers of phenols and poly- 
phenols (Bovet, Depierre and Lestrange'®), of which the ethyl-choline 
triether of pyrogaUol proved to be the most important (2559 F. or 3697 
R.P., flaxedil. See Figure 2c). -This possessed much the same actions 
as the other compounds with fewer side-actions. 

Finally, an interesting series of choline esters has been built, also of 
considerable potency, but of transient action (Bovet, Bovet-Nitti, Guarino 
and Fusco”). Figure 3 gives a comparison of one of these with fte 
corresponding ether and the directly substituted compound, together with 
their effective doses and duration of action. 


COOCH.-CHj-NfCjHslj-I 

/ 

/\ 

1 II 
\/ 

^COOCH.-CHj-NCCsHs),-! 


Head drop dose 


3 mg./kg. 


Duration of paralysis 
after 10 H. D. doses 

10 minutes 


/ 


O-CHj-CHj-NfCjHs),-! 


3 mg./kg. 


1 hour 


\x 

CH,-CH.-N(CjH5)3-I 

/ 

/\ 


3 mg./kg. 


3 hours 


\/ 

CH,.CH,-N(C,H,),.I 

Fig. 3. Variation of duration of action with chemical structure. 

Courvoisier and Ducrot®= have shown that flaxedil (2559F) possesses 
little ™r to liberate histamine, although 3381 KP. and 3365 R.P ar 
active in this respect. Depierre” has shown that it possesses little 

ganglionic action. 
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3 The ^wTrimethylammonium Series. The most potent synthetic 
compound so far described is the decane derivative (CIO) of an ewn 
simpler series, the bistrimethylammonium polymethylene salts, the 
curarising action of the series was reported independently by Barlow and 
Ina®^ and by Baton and Zaimis*”*. and the latter authors have studied the 
pharmacological actions of the series in considerable detail (Paton and 
Zaimis®^'^^). Some of these actions of CIO have been already mentioned 
above, and will not be further discussed. But three points require further 

discussion. t,- 1,1 

(a) Variation of potency with species and test object. CIO is highly 

active in cat, 0-03 mg./kg. causing full neuromuscular paralysis; in rabbit 
OT mg./kg. is required; in mouse 1 mg./kg., and in rat 5 mg./kg. In 
man a total dose of 3 mg. usually causes almost complete paralysis, and 
man thus corresponds verN' closely to the cat in sensitivity (Organe, Paton 
and Zaimis®®); the equivalent dose of <J-T.C. in a man is about 15 mg. 

I-N{CHj)3-CH.CH.-CH.-CH.-CH.CH.-CH.CH;CH.CH.-N(CHs)j-I 
Fig. 4. Structure of iiiTrimethylammonium decane diiodide (CtO) 


The comparison of d-T.C. with CIO further \aries with the muscle 
used, and with the rate of stimulation. In the cat, using single twitches 
every 10 sec., CIO is 10-20 times as active as d-T.C. But if tetani are 
used this figure is at least halved, since d-T.C. depresses a tetanus much 
more than a twitch and CIO allows a tetanus to be fairly well sustained. 
In addition, the two compounds differ in their actions on different 
muscles; thus, in the cat, CIO paralyses tibialis more readily than soleus, 
while d-T.C. does the reverse. Finally, a test method such as that used 
by de Jalon®®, in which the antagonism of curare to acetylcholine on 
frog's rectus is employed, cannot be used at all, since CIO itself elicits 
a contracture and (by reason of its anti-esterase activity) actually poten- 
tiates acetylcholine. The findings on species difference are paralleled in 
other compounds. Collier, Paris and Woolf®- have reported a species 
difference with the dimethyl ether of d-T.C., and Wien®' has done so, 
using the isolated diaphragm, for some of Bovet’s compounds. From 
such results, it is obvious that investigations of new compounds should 
be made by several test methods, and that in an assay the method used 
should be fully sensitive to aU the substances likely to occur in the 
material under test. The fact that man closely resembles the cat in his 
sensitivity to CIO is an important argument for the use of cats at an 
early stage in any investigation. The species difference, and the different 
action on different muscles are fascinating problems for which there is 
no explanation at present. 


(b) E§ect on respiration. One of the remarkable features of the action 
of CIO in the cat is the failure to depress respiration significantly at a 
tme when tibialis twitch is more than 95 per cent, paralysed (Paton and 
Zaums«). This appears to be due to the fact that tetani are well- 
sustamed, and that red muscles are less affected than white. The contrast 
with d-T.C. IS sharp, for in the cat respiration may be depressed before 
any action on the twitch has appeared. But it is difficult to predict 
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the same sparing of respiration in relation to other muscular activilies 
(e.g., abdominal relaxation in anaesthesia or the softening of therapeutic 
convulsions), in the absence of information about the physiological 
characteristics of the muscles involved and of the rate at which their 
motor units are excited. 

(c) Side actions. Curarising compounds may depress the blood 
pressure by liberating histamine, by paralysing ganglia or by exertiug a 
muscarine-like action. Curarising doses of CIO have no eSect on the 
blood pressure of the anffisthetised cat, and large doses (at least 100 times 
the effective curarising dose) must be given to show such an action. It 
is at least 5 times less active in releasing histamine or causing ganglionic 
depression than the same weight of d-T.C., and its muscarine action is 
negligible. CIO has some anticholinesterase action, but this does not 
appear to cause any undesirable effect. In man, there is no interference 
with sensation or consciousness after an intravenous dose of CIO sufficient 
to cause almost complete paralysis (Organe, Paton and Zaimis®^). 

Discussion 

There is much that is confusing in recent developments, which cannot 
be discussed here. But one feature may be stressed; this is the remark- 
able diversity of actions among the various compounds studied. Their 
variation in activity on different species, on different muscles, and on 
different synapses; their differences in side-actions, and their wide 
disparity in chemical structure: — all these are hopeful prognostics of yet 
other compounds with useful selective actions Before these are likely 
to be discovered, however, fundamental work must be done on the reasons 
for these diversities of action, about which we know little, and such 
fundamental research is the most urgent need. There are, further, many 
more practical requirements to be satisfied, such as a satisfactory method 
of prolonging the action of these drugs; compounds active by mouth 
and safe to use; or an antagonist to the activity of curarising agents 
which is free of side-actions. 

To the pharmacologist, however, the most absorbing question remams 
that of the relation of the structure of these compounds to their pharma- 
cological action. No field has proved more hazardous than that of the 
onium salts, in which to venture generalisations. Many of the important 
anomalies are reviewed by Ing“. Certain broad statements, however, 
can be made. 

(1) Crum Brown and Fraser’s generalisation of 1868 still remains 
remarkably true. The only important exception to it is that of the 
properties of the Erythrina alkaloids; and in ignorance of their structure 
it is impossible to say how much of an exception they represent. There 
is little doubt that the most promising approach, in devising substances 
of curarising potency, is still by way of quaternary salts; and among 
these, there is still no rival to the salts of quaternary nitrogen. 

(2) The introduction of a second or even a third quaternary group into 
'the molecule appears to be an important element in producing com- 
pounds of high curarising potency: all the compounds of known 
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Chemical stmciuie active in a dose 5f 1 mg./kg. or less have two or more 
such groups. Possible reasons for this enhancement of potency are 
notfm to seek in the favourable ‘effects such addiUons have on the 

attachment of the drugs to a receptor surface. r. k t 

(3) The introduction of further quatemarj' groups has another ettect . 
the monoquaternar>- compounds active on the neuromuscular junction 
are commonly like tetramethylammonium iodide, particularly in 
possess’mg stimulant nicotine-like and muscarine-like actions. In^ bis- 
quatema^y salts these actions are replaced by weak anti-esterase activity, 
aanglionic depression, and histamine liberation. These latter actions 
would, indeed, be a serious disadvantage: but bisquatemarj' or 
rerquatemary compounds have been obtained in which they are slight, 
although the compounds still possess high potency (CIO and flaxedil). 

(4) A further significant point appears to be the spatial separation of 
the two quaternary groups. It can hardly be coincidental that in such 
active compounds as d-tubocurarine chloride and its methyl ether, Bovet's 
compounds 3381 R.P. and 3565 R.P.. and CIO, the quaternary groups 
should be separated by 10 to 11 atoms, particularly since shortening die 
chain in the bistcimethylammonium series to less than 7 carbon atoms 
almost completely abolishes activity. The implications of this require 
further study, but the suggestion certainly appears that the abili^ to 
interfere with neuromuscular transmission depends not only on certain 
characteristic polar groups but also on their characteristic spatial 
location. It is certain that other considerations than distance are also 
concerned; thus. King* reports that f-tubocurarine chloride is 30 to 60 
times weaker than the dextro-rotatory isomer. 

Finally, it is worth pointing out that the diversity of structure exhibitinu 
curarising actmty suggests that the specific characteristics of such com~ 
pounds differ m some important way from those of (for instance) 
muscarine-like substances. ' Pfeiffer*'^ has drawn some st rikin g analosies 
between the distances separating certain prosthetic groups (the nitrogen 
atom and two oxygen atoms) in muscarine-like and atropine-like sub- 
stances, and the distances between the same groups in acetylcholine. 
But no such analogy is at present visible among curarising substances' 
It is, indeed, possible that their specific activity Is not dependent solelv 
on a relationship to acetj'kholine, but that resemblance to some other 
physiologicaUy active cation must be considered. The papers of In<^ 
and Wnght still represent the most critical approach to the subject; recent 
auempts to apply modern concepts of atomic structure to the problem 
(Holmes. Jenden, Taylor-") do not ad\ance much bevond the position of 
ing and Wnsht. 
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RESEARCH PAPERS 

the chemistry of anti-pernicious anemia factors 

Part I 

The Liberation of Phosphorus as PnosPnATE From 
VrrAiON Bi; BY Acid Hydrolysis 

By B. Ellis, V. Petrow and G. F. Snook 

From the Research Laboratories, The British Drug Houses, LiH , London, N.I 
Receded March 25. 1949 

Work in these laboratories on the anti-pemicious ancemia factor present 
m liver has led to the isolation from anahremin^ of a clinically active red 
crj'stalline compound which we have characterised by ; — 

(i) lack of a definite melting-point, the crystals darkening at 190" 
to 250°a 

(u) an Rj value of 0-1 when run on unidimensional paper-strip 
partition chromatograms usmg n-butyl alcohol as a solvent. 

(ui) charactenstic light absorption, an aqueous solution showing 
maxima at 550 mu (shoulder at ca. 520 mu), 361mu, and 27S mu, with 
inflections at 322 mu and 304 mji. 

(iv) the presence of nitrogen, phosphorus and cobalt in the molecule 
(see also Rickes et al.-: Smith®). 

(v) a cobalt content of 4-0 per cent for matenal dried in vacuo at 
76°C. 

(vi) the presence of one ninhydrin-reacUng substance detected in 
hydrochloric acid hydrolysates run on paper-strip partition chromato- 
grams. 

The identity of our compound with the substance to which the name 
vitamin B 12 was first applied* has now been established by a direct com- 
parison with an authentic specimen, kindly carried out for us by Merck 
Laboratones, Inc., through the courtesy of their Vice-President and 
Research Director, Dr. Randolph T. Major. 

More detailed examinauon of the paper-stnp chromatograms obtained 
in (vi) above revealed the presence of phosphate on them, an obsen-ation 
which led us to undertake a quantitatiie study of the liberation of this ion 
from vitamm Bn during its hydrolysis with hydrochloric acid. The solu- 
tions obtained on hydrolysis, however, are deeply coloured owing to the 
survival of a pigmented cobalt-containing fragment of the Bj^ molecule to 
which we have already referred in an earlier publication®. TTie problem 
of estimating phosphate liberated on hydrolysis thus resolved itself mto a 
search for a micro-method which would permit quantitative separation of 
the inorganic ion from the pigmented material both of which are present 
in the hydrolysate We ultimately achieved this by a new application of 
the imidimensional paper-strip chromatographv technique. In addition 
wc have carried out some exploratory- experiments on the behaviour of 
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phosphates on chromatograms irrigated with a number of solvents, tie 
results being reported below (Experimental (i)). 

The method finally adopted for the estimation of phosphate consisted 
in spotting the vitamin Biz hydrolysate on to strips of filter-paper, irrigat- 
ing with /jobutyric acid, locating phosphate on the guide strips by means 
of the ammonium molybdate and benzidine spot test reagents^ and esti- 
mating the phosphate colorimetrically after its elution from the paper. 

We were unable to obtain evidence for the liberation of phosphate from 
vitamin B 12 when the compound was hydrolysed with 20 per cent, 
hydrochloric acid at room temperature for periods as long as 17 days 
Phosphorus must therefore be present in a fairly stable form. At lOOT., 
however, liberation of phosphorus as phosphate took place and appeared 
to be essentially complete after about 6 hours, values corresponding to a 
phosphorus content in vitamin Bn of ca. 2-0 per cent being obtained. 
This was equivalent to all the phosphorus present in vitamin B 12 , as total 
phosphorus determinations gave results ranging between 1 -9 and 2-3 per 
cent, of phosphorus. 

We have previously reported that vitamin B^ contains 4-0 per cent, of 
cobaltL This figure, taken in conjunction with a phosphorus content of 
2-1 per cent., shows that the atomic ratio cobalt ; phosphorus in the 
vitamhi B^a molecule is 1:1. The anti-pernicious anaemia factor isolated 
by Smith and Parker®, it may be added, is reported by Smith®’’ to have 
a cobalt ; phosphorus ratio of 1:3. It follows from this that the com- 
pound described by Smith and Parker® must differ from vitamin Bjj, 
a conclusion supporting the view that at least two hematopoietic factors 
containing cobalt may be obtained from liver. Further work is required 
to establish whether in fact both these compounds co-exist in liver or 
whether, as is possible, one of them is a clinically-active artefact pro- 
duced from the other during the process of isolation. 

Experimental. 

Whatman No. 1 filter paper was used for all chromatograms. Solvents 
used for irrigation were saturated with water, with the exception 0 
/wbutyric acid which was employed as a 65 per cent, aqueous solution. 
Phosphorus was estimated colorimetrically by the method of Fiske an 
Subbarow®. A “ Spekker ” photoelectric absorptiometer with an Ilford 
Spectrum filter No. 608 was used throughout for colour intensity compan- 
sons, in conjunction with at least two phosphate standards. These were 
freshly prepared on each occasion and gave absorptiometer readm^ 
satisfactorily coinciding with points on a previously constructed 
calibration curve. 

(i) Detection, behaviour, and quantitative estimation of the phosphate 
ion on paper-strip chromatograms. Disodium hydrogen phosphate, 
potassium dihydrogen phosphate, diammonium hydrogen phosphate, and 
phosphoric acid were employed as sources of phosphate ions. Phosphate 
was readily detected on the chromatograms using the ammonium molyb- 
date and benzidine reagents employed in spot-test techniques®. For th« 
purpose, the chromatogram, after irrigation with the solvent, was dned 
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and lightly sprayed with a reagent consisting o£ a solution of 5 g. 
of ammonium molybdate in a mixture of 100 ml. of water and 35 ml. 
concentrated nitric acid. The presence of phosphate on the paper, in 
quantities exceeding 2ug. of phosphorus, was indicted by the appearance 
of a yellow spot or zone, which changed to blue after spraymg with 
a solution prepared from 50 mg. of benzidine (or benzidme bydro- 
cUoride) in 100 ml. of 10 per cent, acetic acid, followed by exposme of the 
area to ammonia vapour. Diffusion or running of the coloured spot or 
zone was minimised by spraying very- lightly with the two reagents, whilst 
excessive exposure to ammonia was avoided as this tended to reduce the 
mtensity of the blue colour. 

n-Butyl alcohol, irobutync acid, collidine, and phenol were employed 
as solvents in the present investigation. 
n-Butyl alcohol. Migration of phosphate did not occur. 
isoButyric Acid. Slightly elongated spots falling within the region 
Ry 0-20 to Ry 0-25 were obtained with phosphoric acid and with all the 
phosphates. The diammonium hydrogen salt gave, in addition, a second 
smaller spot at Ry 0-3. 

Collidine. Elongated tapering zones, extending from the source to 
points determined by the nature of the cations present were obtained. 
The phosphoric acid and diammonium hydrogen phosphate zones were 
longest, terminating at Rp 0-20, whilst those formed by the potassium and 
disodium salts terminated at Ry 0-17 and Ry 0T3, respectively. 

Phenol. The major portion of each phosphate migrated as a spot to 
ca. Ry 0-1, but a small fraction resisted migration and remained as an 
annular ring at the source. It was important that all traces of phenol be 
removed from these chromatograms before application of the ammonium 
molybdate reagent, otherwise the chromatograms turned black or brown. 

Experiments directed to the quantitative estimation of phosphate were 
limited to chromatograms irrigated with isobutyric acid as, when used 
for the chromatography of acid hydrolysates of vitamin Bjo, complete 
separation of the phosphate and pigmented material occurr^. 

The technique used for locating phosphate and preparing “ cuts ” for 
elution followed that described by Consden, Gordon and Martink Twenty 
microlitres of an aqueous solution containing a known amount of phos- 
phate (equivalent to 10 to 20fig. of phosphorus) were distributed on 8 
spots, 1 cm. apart, along a starting line drawn 6 cm. from one end of a 
paper steip 12 cm. wide. After irrigation of the paper with isobutyric acid 
a “ cut ” containing the phosphate was trimmed to a point at one end and 
eluted by the method of Denri“. Phosphate in the eluate was estimated 
colorimetrically by the method of Fiske and Subbarow®. Substantially 
quantitative recoveries (96 to 102 per cent.) were obtained in all of 14 
estimations using both phosphoric acid and its salts. 

In current paper-strip chromatography technique, acid hydrolysates 
ate evaporated to diyness to remove hydrochloric acid and the residues 
dissolved m distilled water before being spotted on the paper strips In 
quanutative work such a procedure involves the risk of errors arisina 
dunng evaporation and re-solution. In order to establish whether tS 
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procedure could be eliminated during estimation of phosphate ia acid 
hydrolysates of vitamin Bjo, control experiments were carried out in which 
phosphoric acid dissolved in 20 per cent, hydrochloric acid was spoiled 
directly on the paper strips. The spots so obtained were allowed to dr) 
at room temperature for at least I hour before irrigation with hobutyric 
acid. Chromatograms prepared in this way showed fairly uniform areas 
of waterlogging within which, however, the phosphate could be located 
in approximately its normal position. Elution, followed by estitiiatm, 
resulted in substantially quantitative recoveries as before. Some degree 
of waterlogging could therefore be ignored in these estirnations. It 
followed from this that acid hydrolysates of vitamin could be 
employed directly for phosphate estimations and that the usual procedure 
involving removal of hydrochloric acid by evaporation and resolution of 
the residues was unnecessary. 

(ii) The liberation of inorganic phosphorus from Vitamin B,: during 
hydrolysis with hydrochloric acid. Sealed tubes containing 3 to 3-5 mg 
of vitamin Bja dissolved in 200 microlitres of 20 per cent, hydrochloric 
acid were, with one exception, heated at 100°C. for increasing periods ol 
time, cooled to room temperature, and opened. Twenty microlitres of 
each hydrolysate were withdrawn with a micropipette and dispensed on to 
a paper strip (12 cm. wide) in a series of 8 spots. An additional 2 to 3 
microlitres of solution were placed near one edge of the paper to serve as 
a “ guide ” for the location of phosphate. The papers were irrigated over- 
night with 65 per cent, isobutyric acid and air-dried. The phosphate 
was located by means of the guide strip and fell within the region 
Rj, 0-2 to Ry 0-3, well removed from the pigmented zones which appeared 
further down the chromatograms. The area containing the phosphate 
was cut out, eluted, and phosphorus determined colorimetrically®. The 
main results of duplicate phosphorus estimations obtained from pairs of 
chromatograms arising from each hydrolysate are given in the table below. 


Experiment 


(a) 

Phosphorus 
content of 
\itamin B,- 
pcr cent. 


Time of 
hydrolysis 


Temperature 


(b) 

Phosphorus | 
liberated as ^ 
percentase of { 
vitamin Bts u«cd ’ 


Ratio (b)/(a* 


I '9 
2-1 
2-1 
2-3 

n 

2-0 


17 days 

1 hour 

2 hours 

3 
6 

J2i .. 

25 


18 - 23 ’’ 

100 ’’ 

100 ® 

100 ® 

100 ® 

100 ® 

100 ® 


Nil 
0 6 
1 0 

1 7 
! 9 

2 0 
2 I 


0 

0-29 

0- 48 
0*74 

1^5 

1- 05 


(Specimens of vitamin B,, used in experiments 1, 5, 6 and 7 were dried in 
at room temperature. Crystals dried in vacuo at 76 C. were employed id expe 
merits 2, 3* and 4.) 

Total phosphorus was estimated by dispensing aliquot portions of each 
hydrolysate on to small pieces of filter paper and determining phosphorus 
on them by the perchloric acid digestion method of King”. Colour 
intensities, which reached a maximum 20 minutes after the addition of 
the aminonaphtholsulphonic acid reducing agent, were measured with a 
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anti-pernicious anaemia factors 

Spekker photoelectric absorptiometer as before. These estimations 
were carried out in triplicate, the mean results being given in the above 
table. 

Summary and Conclusions 

1. Phosphate is found in acid hydrolysates of vitamin Bu- 

2. Such hydrolysates are deeply coloured and, in order to determine 
phosphate in them colorimetrically, it has been necessary to develop a new 
apphcation of the unidimensional paper-strip partition chromatogram 
technique. 

3. The atomic ratio of cobalt ; phosphorus in vitamin Bi- is found 
to be 1:1. 

4. From a comparison of this result (3 above) with the values recorded 
by Smith ^ for the anti-pemicious ansemia factor of Smith and Parker®, 
it is concluded that the latter compound is not identical with vitamin Bn-. 

The authors thank the Directors of The British Drug Houses, Ltd., for 
permission to publish these results. 
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THE PHARMACOGNOSY OF RAUWOLFIA 
By T. E. Wallis and S. Rohatgi 
R eceived January 6, 1949 


Introduction 

The leaves and roots of Rauwolfia serpentina Benth. [Opliioxylon set- 
pentiniim Linn.), family Apocynaceae, are mentioned in Sanskrit works 
describing Ayurvedic medicines under the name “ sarpagandha ” and 
are commonly known in India by the Hindustani name of “choota 
chand.” This plant is indigenous to India, Burma, Malaya, Siam and 
Java, and the drug derived from it (hitherto described as root, but actually 
consisting of root and rhizome mixed) has been in use in indigenous 
medicine for several centuries in India. Its reputed successful use has 
attracted the attention of numerous writers on Indian Materia Medica, 
including Dymock*, Watt-, Chopra’, Nadkami^, Khori and KatraL. 


Habitat 

The plant is described''’' as a large climbing or twining shrub, found 
in the foot-hills of the Himalayas and in the neighbouring plains hom 
Sirhind and Moradabad to Sikkim. It occurs in Assam, Pegu, en 
nasserin (at altitudes up to 4,000 feet), in the Deccan peninsula a ong 
the ghats to Travancore and in Veylong. It is also widely distri u e 
in the Malaya peninsula and in Java. 


Constituents 

In 1931, Sen and Bose®, in Calcutta, isolated from the root two 
alkaloids having different melting-points. Siddiqui and Siddiqui m 
same year, working in Delhi, found five alkaloids and arrange t 
two groups, which they named the ajmaline and the serpentine gro 
respectively; Van Itallie and Steenhauser’" confirmed these , 

1932. Other constituents in the roots are oleo-resins, sterols, unsat 
alcohols, oleic acid, fumaric acid, glucose, sucrose, an oxymethylantnr^ 
quinone derivative, a fluorescent substance and gnt 

Gupta et state that the roots contain about --I to P . j 
of total alkaloids, and that a standardised alcoholic ex ract containing 
0-5 per cent, of total alkaloids is being made commercially. 

Pharmacological Action 

According to Siddiqui and Siddiqui'^ the f 

aroup, as tried on frogs, act as general depressants to the hea , J 

Sem bmughfaTourfs^S^ Pressure ""d '^e respiration 

Is slightly stimulated. The heart muscle was depressed and the plaffl 
r4,er,i/. .ha. o. .he 

0„p.a e, p,.” in .94. 
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working in India, reinvestigated the drug, giving their attention more 
especially to the pharmacological action of the oleo-resins present in 
the root. They report that these oleo-resins possess the specific sedative 
and hypnotic action of the drug which the alkaloids failed to produce. 

Description 

A description of the root, with brief notes upon its microscopical 
•structure, was given in Dt'mock's “Materia Medica of 'Western India,” 


Ski- 



ing Of 3 flooeriog plam^^bom^oliatural Linn.f. Draw- 

oricnialis. 1840-53^ plate ^9 IfI plantan,m hdi,r 

a.d aa.A ^ 
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1885. Quite recently the root has ken 
included in the Indian Pharmacopoeia! List of 1946, where the drug is 
represented by a brief monograph containing particulars giving informa- 
tion somewhat similar to that in the earlier description of D 3 'mock. 
These accounts appear to be the only two available descriptions of the 
structure of the root. It is, moreover, obvious that the data given are 
not sufficient to characterise the drug properly, either in the unground 
condition or in the form of powder; also no reference is made to the 
presence of rhizome in the drug. In view of its promising therapeutic 
value and increasing importance as an article of commerce, it was de- 
cided to make a systematic pharmacognostical study of the drug. 

Material 

Four samples from different sources were examined, viz .: — 

1. Sample from the Museum of the Pharmaceutical Society of Great 
Britain. (July, 1947, S. K. Crews.) 

2. Sample from a drug supplier in Saharanpur, U.P., India, obtained 
in December, 1947. 

3, Sample received from the drug market in Calcutta in November. 
1947, the identity of which was confirmed by S. N. Bal, Curator. Botanical 
Survey of India, Calcutta. 

4, A fresh plant with the rhizome and a few fibrous roots attached, 
collected from the foot of the Himalayas near Saharanpur in December, 
1947, by a drug dealer. This plant was examined by Dr. Chatterji, in 
charge of the Indian section of the Herbarium at the Royal Botanic 
Gardens, Kew, and was confirmed as belonging to the family Apocynaceae 
and agreeing in all particulars with the specimen of Rauwolfia serpentina 
Benth. in the Herbarium at Kew. 

Macroscopical Characters 

Rauwolfia roots (Fig. 2, A) occur in commerce in pale brownish-grey 
pieces about 4 to 10 cm. in length and 4 to 17 mm. in diameter, cylindrical 
or slightly tapering, rather tortuous, rarely branched, with occasional 
small oval or rounded scars of rootlets, usually in a tetrastichous arrange- 
ment; the rootlets themselves are very few and when present are broken 
off short, their diameters varying from 0-5 to 1 mm.; outer surface o 
the root dull, with somewhat coarse and irregular longitudinal ridges, 
the outer layers of the cork are soft and tend to scale off from the harder 
somewhat prominently ridged, yellowish-brown • inner bark; patches o 
entire bark sometimes exfoliate exposing a bard, compact, pale yellowish 
wood which has a fairly smooth surface and a low density (about 0-3); 
occasionally pieces of aerial stem or rhizome occur attached to the root. 
A smoothed transversely cut surface (Fig. 2, B) shows a large pale- 
yellowish wood, which is compact and finely radiate and usually shows 
3 to 8 growth rings. The xylem itself is very finely porous and the 
woody core occupies about 4/5th of the diameter of the root; surround- 
ins the wood is a narrow yellowish-brown bark about 0-5 to 2 mm. 
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wide; the root is starchy throughout and the fracture is short. The drug 
is almost odourless and has a bitter taste. 

Pieces of the rhizome closely resemble the root, but are less uniform 
in diameter; they are somewhat knotty and tortuous. They are best 



secUo^xT°D*'f '■^"sve'rse furfice ^of^root’ x o ^ of root 

of D to show 

c. cambium; ck. cork; cA, wide surface view x 2m j, 

ray; Pd. phclloderm; phe]logen\ ^/^’otoem- meduS 
r. growth ring; v. v«sel;^.,^^]enf bundle. 
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distinguished by the smoothed transversely cut surface which exhibits 
a central pith having a very small diameter (about 1 to 2 mm.). 

IJiSTOLOGY 

Root: Externally there are several layers of approximately polygonal- 
tabular cork cells (Fig. 2, D, E and F) of two kinds, occurring in layers 
which in transverse sections form bands alternating with each oier 
One type of band consists of 1 to 5 layers of narrow cells with suberised 
but udlignified walls measuring about *R =7 to 11 to 18n, L = 18 to 35 



Fig 3 —Raiiwolfia serpentina Benth. Root. A. transverse section of ‘he pUoem 
^ 200 B tangential longitudinal section of the phloem x 40. C, radial lon^tu 
s^tion of the phloem and cambium x200.. D, isolated secretion ce Is. u. starch 
erains- c camHal cells; cr, crystals of calcium oxalate; m.i.. medullary ray, p 
^ ’ ’ phloem; s.c., secretion cell; s.p., sieve plate; s.t., sieve tube. 

* R T and L indicate the measurements made in the radial, tangential and 
and Janssonius in their Botanical Pen Portraits iy_J. 
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to 56!. and T - 49 to 56 to 70ti. Each of these bands is foUowed by 
a band consisting of 1 or 2 layers of broad cells with subensed^and 
lignified walls, measuring approximately R = 28 to 42 to 49n. G - 
to 56iv and T - 49 to 56 to 70u. The radial walls of the broad 
cells tend to break, and as a consequence the cork frequently peels on 
in layers. The broad lignified cork cells stain red with phloroglucm 
and hydrochloric acid, whereas the narrow ones remain yellowish with 
the same treatment; all the cork cells are insoluble in 80 per cent, 
sulphuric acid showing that they are suberised. 

The cork is followed by a layer of phellogen cells, which have thm 
cellulosic walls. The phefioderm sometimes consists of about 12 layers 
of cells, the layers near the phellogen having smaller rectangular tabular 
cells regularly arranged, whereas the iimer layers have larger irregularly 
shaped cells which appear to have been displaced due to gliding growth 
during development. The phelloderm cells have walls which are compara- 
tively thicker and more highly refractive than those of the parenchyma 
of the phloem; they contain numerous starch grains. A few cells of 
the phelloderm in some specimens contain yellowish granular contents 
which stain brown with iodine. The fairly wide band of inner bark 
(Fig. 2, Q consists of numerous broad medullary rays running radially 
and alternating with comparatively narrow rays of secondary phloem. 
The cells of the meduUarj’ rays (Fig. 3) have thin cellulosic walls and 
contain numerous starch grains. The medullary rays are 2 to 4 cells 
wide, the cells being rounded rectangular or ovoid as seen in a transverse • 
section and have small intercellular spaces. The cells measure R = 18 
to 28 to 49p, L = 32 to 63 to 123u and T = 35 to 63 to 70n. The 
path of the ray becomes irregular and indistinct as it approaches the 
phelloderm. Occasional cells are partly or completely filled with 
yellowish granular contents which stain brown with iodine or Sudan HI. 

The sieve tissue (Fig. 3), consisting of sieve tubes, companion cells, 
and phloem parenchyma, lies closely packed in the narrow rays of the 
phloem between the broad medullary rays, as seen in transverse sections. 
The majority of the cells of the phloem parenchyma contain starch grains, 
a few cells contain crystals of calcium oxalate. In a tangential 
longitudinal section of the bark, the sieve tissue forms irregular wavy 
lines, the interspaces being filled with the cells of the medullary rays 
as shown in Figure 3, B The numerous cells containing calcium oxalate 
crystals are best seen in this section; some of the crystals are well-formed 
prisms with which are usually associated numerous irregularly shaped 
angular crystals of different sizes forming groups or clusters. The 
clusters or groups usually measure about 7 to 11 to 18ii and the well- 
formed prisms 11 to 14n. 

The sunple starch grains of the inner bark are smaller than those of 
me wo!^; they measure 4 to 10 to 2 O 11 and are rounded or ovoid in 
form with a central hilum. Occasional grains are 2- to 3- occasionally 

in lactophenol and obsen'ed under polarised 
low a well-defined maltese cross. 
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The cambifonu tissue (Fig. 3, C) consists of 2 or 3 layers of well- 
defined rectangular cells forming a complete ring between the bark and 
the wood. 

Most of the roots exhibit a tetrarch primary xylem (Fig. 4, A), but 
occasional roots are triarch; the primary xylem groups form narrow 



Fig. 4 . — Ratiwolfia serpentina Benth. Root. A, central core of the wood 
primary xylem bundles x 200. B, transverse section of the secondary wood x 2 W 
a, starch grains; /, xylem fibres; m.r., medullary ray; p.xy., primary xylem bunoie, 
S.C.. secretion cell; t, resin-like mass; v. vessel; x.p., xylem parenchyma. 

triangles as seen in a transverse section. The wood consists of strongly 
lignified cells (Fig. 2, C), the secondary xylem being arranged in growth 
rings of varying width, most commercial specimens showing about 3 to o 
seasons’ growth. All the cells of the xylem parenchyma (Fig. 4, B) and 
of the medullary rays contain abundant starch, the grains being simple 
or 2- to 4-compound; the simple grains measure about 6 to 20 to 46[i, 
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the components of the compound grains being rather smaller. Occasional 
cells of the xylem parenchyma are either completely or partly filled 
with a yellowish granular substance which stains brownish with iodine 
or Sudan HI. In a transverse section the medullary rays are well 
marked, straight, and continuous with the medullary rays of the phloem. 
The narrow rays of xylem form anastomosing longitudinally undulating 
bands. The medullary rays are 1 to 5 cells wide alternating with narrow 
rays of secondary xylem which consists of vessels, fibres and xylem 
parenchyma. The longest medullary rays start from a point opposite 
the apices of the protoxylem groups, others originate at points nearer 
the circumference making the rays more numerous in the outer growth 
rings. The cells of the medullary rays measure approximately R = 14 
to ^3 to 86 ( 1 , L = 17 to 42 to 70(1 and T = 14 to 42 to 60(1, their 
walls as well as those of the xylem parenchyma having simple pits 
except when they adjoin a vessel when they bear half-bordered pits. 


X \ s ' 






inn'^R ’“gential longitudinal section o 

ine vi?ooa X lOO. B, raditil longitudinal section of the wood x 100 P 

compound starch grains from powdered drug x 200. f. .xylem fib?e{ m.f., r^e&r 
ray, '■•p.. xylem parenchyma; r\ ressel. 


14 to 4 


The cells of the scanty xylem parenchyma measure about R 
to Top, L - 46 to 53 to 77(i and T = 14 to 42 to 56p. 

The vessel elements (Fig. 6 ), which bear numerous bordered nit 
measure about 180 to 234 to 432u in length and 36 to 54u i dkmete 
The transverse or oblique articulations of each dement form two rounde 
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or oval openings either at opposite ends or on the side walls; in the 
latter case the openings are usually diagonally opposite to each other. 
The planes of junction of thewessel elements are at right angles to the 
tangential pl^ne and often lie in the radial plane as shown in Figure 5. 
Many vessel elements are prolonged at their ends into fibre-like projec- 
tions. The vessels are associated with numerous xylem fibres having 
strongly thickened walls and spirally arranged slit-like simple pits. The 
fibres measure approximately 432 to 576 to 774it in length and 18 to 
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36(1 in diameter. Many fibres possess one, or sometimes two, long 
tapering and often contorted ends. There are very small intercellular 
spaces between the elements of the xylem. 

SlRUCTURE OF THE RhIZOME 

Histologically, the rhizome differs from the root in certain respects 
only. The cork of the rhizome (Fig. 7, B) closely resembles that of 








m 


Fig S— Rauwolfia serpentina Benih. Rhizome. A, transverse section of phloem 
ad?acent-to the cambikl tissue x200. B. transverse sechon of the wood x 20a 
C oeri-medullary phloem and pith x200. D, pencychc fibres and ceUs fr^ 
notash nrenaratiM x 40. E, tip of pericyclic fibre showing local en^largement / _M. 
rcaSb'iulS"^ xylem’fib're: ^.-^dullaty ray; p p.th^ 

peri-medullary phloem; j.c.. secretion cell; l. tylose, i. vessel, .ry. xyiem. 


E 
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the root This is followed by a wide cortex and a pericycle (Fig. 7, C). 
the cell walls of which are very retractive and in which are present 
pencyclic fibres, either solitary or in groups of 2 to 4. The fibres (Figs. 
S, D and E) have very thick walls and a correspondingly narrow lumen. 
Many of these fibres show a few scattered elongated ovoid enlargements 
especially near the ends, a feature which is typical of the Apocynaces. 
These fibres measure about 1 -5 mm in length and 7 to 20u in diameter 
with local enlargements about 50[i in width. Secretion cells are more 
numerous in the rhizome than in the root and are found chiefly in the 
cortex and in medullary rays of the phloem. The medullar)' rays of 
the phloem (Fig. 8, A) are 1 to 3 cells wide, and the cells measure R = 18 
to 28 to 49[i, L = 46 to 63 to I25ti and T = 18 to 35 to ll\i. The 
itarch grains m the rhizome are smaller than those in the root, measuring 
2 to 11 to 2lu. The medullary' rays of the xylem (Fig, 8. B) are 1 to 
4 cells wide, and the cells measure R = 7 to 32 to 53ii, L = 14 to 46 
to 92p. and T = 7 to 21 to 4911; the xylem parenchyma is more 
abundant than in the root (Fig. 8). The vessels closely resemble those 
of the root, measuring 105 to 308 to 490!i in length and 25 to 46 to 
60ii in diameter. A peculiar feature of the rhizome, particularly in the 
older pieces, is the presence, in many of the vessels, of numerous tyloses 



longitudinal section o£ 

B tangential longitudinal section of the wood both drawings x 100 

t. xylem fibre, m r , medullary ray, t, t^lose, v. vessel 


the'^lnm.? varying sizes which sometimes almost block 

exhibiting ty-losis, there are granular 
Xylem fibre? phloroglucin and hydrochloric acid. 

slraiS??w comparatively abundant in the rhizome and are almost 
m ™ I^^gth and 11 to 21 to SS, 
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The central pith (Figs. 7, A and 8, C) is small, about 0-75 to 1-5 mm. 
m diameter, and contains in its periphery about 20 small bundles of 
periroedullary phloem; the remainder of the pith consists of ceUuIosic 
parenchyma, the cells of which varj' much in size and some of them 
are filled with a yellowish secretion similar to that in the cortex and 
phloem. 

Laticiferous Tissue 

As the presence of laticiferous tubes is usually regarded as an im- 
portant characteristic of the Apocynaces, a careful search was made 
for these. No laticiferous tubes were found in the root, but occasional 
parenchymatous cells in the phloem were found to be filled with yellowish 
granular contents which stained brown with iodine (Fig. 3, D). 

Examination of the rhizome also showed an absence of typical latici- 
ferous tubes: there were, however, a number of secretion cells occurring 
in the cortex, in the phloem and in the pith, their granular contents 
staining yellow with iodine or Sudan III. Occasionally the secretion 
cells are arranged in longitudinal rows of 2 to 4, but the transverse walls 
remain intact. 

Powdered Rauwolfia 


The salient features of the powdered drug are; — 

1. Very numerous rounded and ovoid starch grains about 4 to 20 
to 50(i in diameter, occasional grains being 2- to 4-compound. The 
starch is rapidly gelatinised in the cold by the action of 0-9 per cent, 
aqueous solution of potassium hydroxide, the action being more rapid 
than the similar action of the same solution on potato starch. Strong 
hydrochloric acid (sp. gr. IT 8) gelatinises the starch instantaneously in 
the cold. 

2. Much lignified rectangular parenchyma having moderately 
thickened walls bearing simple pits; most of the cells contain numerous 
starch grains. 

3. Fragments of xylem vessels about 36 to 54(1 in diameter, with 
bordered pits and, associated with them, fragments of the characteristic 
xylem fibres. 

4. Fragments of yellowish cork composed of polygonal-tabular cells 
of two types, broad and narrow. 

5. Small quantities of ceUulosic parenchyma, usually filled with starch 
grains, and occasional unlignified pericyclic fibres showing local swell- 

ings. . . II • j, 

6. Occasional rounded rectangular secretion cells with yellowisn 

granular contents; and scattered prismatic or irregularly triangular 
crystals of calcium oxalate. 


Summary 

1. Rauwolfia of Indian commerce consists of the dried rhizomes and 
roots, with occasional small pieces of attached aenal stem, of Rauwolfia 


'pentina Benth. , , j 

2 The important histological features are the cork, composed of 

eniating layers of broad and narrow cells, giving a somewhat spongy 
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and friable exterior to the drug; the narrow bark and the wide central 
mass of wood in the root or broad ring in the rhizome, showing about 
3 to 8 growth rings; a tetrarch, or occasionally triarch, primary xylem 
in roots or a very small pith at the centre of rhizomes; in the periphery 
of the pith a ring of about 20 small groups of perimedullary phloem. 

3. AU the cells of the wood, including those of the medullary rays 
are lignified. The xylem vessels, fibres and parenchyma form narrow 
undulating radially arranged bands, separated by large medullary rays 
in the root and by smaller ones in the rhizome. The vessel segments 
are small and narrow and the xylem fibres are often irregularly shaped 
with long, usually much contorted, tapering ends; many of the vessels, 
especially in the rhizome, show tylosis and occasionally contain resinous 
masses. The phloem also occurs in undulating bands similar to those 
of the xylem; phloem fibres are absent. 

4. In the rhizome, unlignified pericyclic fibres occur, either singly 
or in groups of 2 to 4; they show the local and sub-terminal elongated- 
oval tciaTgemenls characteristic of the Apocynacem. 

5. All the parenchymatous tissues, except the cork, contain numerous 
starch grains, about 4 to 20 to 50ii in diameter. Cells containing a 
brownish yellow secretion occur in small numbers, either singly or in 
short longitudinal rows, in the bark, wood and pith, being most frequent 
in the cortex of pieces of rhizome. Typical laticiferous tubes are absent. 
Calcium oxalate occurs in numerous cells of the phloem and of the 
medullary rays of the bark; the crystals are either well-formed prisms 
or aggregates of inegular angular components. 
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The y-sugars are unstable and have not yet been isolated in the free 
state. They occur in nature only in glycosidal combination, e.g., in 
sucrose, inuHn, graminin and in sinistrin, on hydrolysis of which 
only the normal form of the sugar is isolated. Derivatives of many of 
the hexoses and pentoses are known to exist in the y-form. The simplest 
derivatives of these labile sugars are the glycosides, which have been 
found to differ widely in their chemical properties from those of the 
normal sugars. Thus they are susceptible to hydrolysis by very dilute 
mineral acid and can be distilled without decomposition in vacuo. 
Furthermore, the y-giycosides reduce permanganate solution in the cold, 
a property which has not yet been shown by any of the glycosides of 
normal sugars. 

Haworth and collaborators are responsible for the accepted explana- 
tion of the difference in constitution, the y-sugars being derived from 
furan, whilst the normal sugars are similarly related to pyran. In this 
connection it is of interest to note that Hersant and Linneh^ obtained 
by synthesis a methylated hexose which could not possess a five-mem- 
bered ring and which exhibited properties in agreement with those of 
the normal sugars. Fischer^ first isolated y-metbyl-glucoside and 
Haworth and Law^ established their occurrence in natural products by 
proving that the fructose residue in sucrose was a y-form. 

Evidence for the furanose structure of y-fructose rests mainly on the 
degradation of tetramethyl-y-fructose obtained on hydrolysis of hepta- 
methylsucrose through trimethylfructofuronic acid to trimethyl- 
y-arabinolactone and then to dimethoxysuccinic acid,^’^’®. Other struc- 
tures^-® have been suggested, but most of them are based upon studies 
of the oxidation products of derivatives and these oxidations are far 
from being quantitative. Hartley and Linnell®, however, on the basis 
of parachor studies of partially and fully methylated derivatives of 
y-fructose, from the kinetic studies of the hydrolysis of sucrose and on 
account of the absence of mutarotation in both 3:4:6 trimethyl-y- 
fructose and 6-methylfructose solutions, suggested for y-fructose and 
its non-glycosidic derivatives an open chain keto-alcohol structure. 

The determined parachor values of tetramethyl-/-fructose and of 
tetramethyl-y-methylfmctoside were found to be significantly lower than 
those calculated for the structure assigned to y-fructose by cither 
Haworth'® as a five-membered ring or by Hudson" as a four-membered 
ring structure. Again five- and six-membered oxygen ring compounds 
are not normally different in their stability (Linnell and Melhuish’=). 
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The stability of yfructose and the beat of activation of its conversion 
to normal fructose as obtained from the kinetic studies of sucrose lead 
to results which are not completely explained by the accepted furanose 
structure. 

The half-life period of y-fructose as has been shown by Hartley and 
Lirmell*^ and others’^’'^ to be too small to permit its isolation, and hence 
any structural enquiries concerning such compounds must rest on a study 
of their derivatives. The justification for such approach rests on a pre- 
cise knowledge of the constitution of the derivative used. No derivative 
of a y-sugar has yet been synthesised by an unambiguous route, although 
Hartley and Linnell^^ synthesised y-fructose derivatives which could not 
exist in pyranose form^®. 

It was, therefore, decided to attempt the synthesis of a monomethyl- 
ketohexose in which the position of the methoxy group would be estab- 
lished beyond doubt by the method used. Such a method would not 
only avoid the possibility of a ring change during methylation, but would 
also be free from any criticism which mi^t be directed towards the 
drastic reactions involved in the oxidative degradation methods adopted 
by Haworth and his collaborators. 

By a modification of Fischer’s synthesis of acrose^"’''®, using pure 
dihydroxyacetone and monomeric p-methylglyceric aldehyde, a mono- 
raethyl-ketohexose was obtained which could not be other than a 
6-monomethyl-ketohexose. No 6-monomethyl-ketohexose had been 
synthesised before. 

The preparation of the starting materials for this synthesis have been 
previously reported” and the main series of reactions involved in the 
remainder of the work may be conveniently summarised as follows : 

Dihydroxyacetone ^-Methylglyceraldehyde 


d/.6-Metbylacrose 

I 

di.l ; 2 ; 3 ; 4-Tetra-acetyl-6-methylketohexose 

I 

d/.6-Methyl-y-ketohexose 

I 

d/.6-Methyl-y-ketohexoside 

I 

d/.Tetramethyl-ymethylketohexoside 

I 

d/.Tetramethyl-y-ketohexose 

shJwn dihydroxyacetone and glyceraldehyde was 

hydroxiX^'c .' I® presence of 1 per cent, of sodium 

rdaS Jackson=^ and Neuberg^^) obtained a 

acctnnf.' Linnell' effected condensation of dihydroxv- 

and ™e,h,l-,.Ely„KMehy<i= by 0-1 per cent bS 
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hydroxide solution for a total period of 5 weeks, sutBcient barium 
hydroxide being added from time to time to maintain the alkalinity of 
the reaction. In the present research it was decided to employ the latter 
method as being less likely to induce epimerisation or resinification. 

Dihydroxyacetone and /9-methylglyceraldehyde in equimolecular pro- 
portions were therefore condensed in 5 per cent, aqueous solution in the 
presence of 0-1 per cent, of barium hydroxide. After a few days the 
solution became yellow and suflScient barium hydroxide was added from 
time to time to maintain a well-marked alkalinity, the solution being 
kept in the dark for a period of six weeks. 

Fischer^' isolated dl-iructose from the condensation product through 
osazone formation, which he converted to osone and then to fructose by 
reduction. Hersant and LinneU^ obtained d/-5-methylfructose by fol- 
lowing the method of Fischer. Isolation was attempted according to 
Schmitz^®, who was able to isolate a crystalline hexose directly. The 
solution containing the condensation product was therefore neutralised 
and evaporated to dryness in vacuo, the residue being taken up in abso- 
lute alcohol, but on evaporation in vacuo no crystalline substances could 
be isolated. Addition of anhydrous ether to the alcoholic solution 
caused the separation of a white, amorphous substance which gave aggre- 
gates of needle crystals (m.pt. 99° to 101 °C.) on treatment with phenyl- 
hydrazine acetate. 

The number of products obtainable in this condensation must include 
derivations of dZ-fructose, d/-sorbose, d/-tagatose and dZ-psicose, but pre- 
vious experience has shown*' that dZ-fructose predominates, the only 
other sugar isolated in small quantity being dZ-sorbose. Since dihydroxy- 
acetone in the alkaline medium may enolise, it is not impossible that 
derivatives of the eight dZ-aldoses might be present in the product. 

It is not surprising, therefore, that little success crowned the efforts 
to isolate the osazones directly from the alcoholic solution of the pro- 
duct, A small yield of a crystalline product melting at 130° to 132°C. 
was obtained, however, and this could be dZ-methylsorbosazone, but the 
yield was very small. Recourse was, therefore, made to a different 
method of isolation through the acetylated product. The acetylation 
was attempted according to the method of Envig and Koenigs^’, but 
the yield was too small. Modification of the process of Hudson and 
Braun®^ (by using dry material, increasing the amount of acetic anhydride, 
stirring for a longer time, and special treatment of the chloroform emul- 
sion obtained on extraction) gave more promise. After removal of the 
chloroform the main product was a light yellow syrup together with a 
few crystals. Keeping over potassium hydroxide in vacuo for 14 days 
caused no alteration. The crystals were probably traces of acetylated 
aldoses and the syrup — the main product — represented a 69 per cent, 
yield and gave analytical figures for a tetra-acetylmethylhexose. Saponi- 
fication indicated that the purity was about 99 per cent. This saponifi- 
cation required special care because the methylhexose resulting may be 
readily attacked by acids or alkalis. Erwig and Koenigs found that the 
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liberated fructose was slightly attacked by 3 hours boiling with O-lls 
sulphuric acid. 

Hudson and Braun observed a stmilar_ action of acid on the 
libsxated fructose and after various modifications discarded the method 
of acid hydrolysis. They found that if OTN sodium hydroxide was used 
for saponification of fructose penta-acetate by shaking at 0 C., the 
liberated fructose was not attacked by the amount of alkali present. 

Determination of the saponification value of the tetra-acetylmethyT 
hexose was then carried out by shaking with OTN sodium hydroxide 
at room temperature for 4^ hours and foUov/ed by titration with OTN 
sulphuric acid using phenolphthalein as indicator. After saponifica- 
tion concentration of the liquid in vacuo after neutralisation left a brown 
sjTup which reduced Fehling’s solution slowly in the cold, \igorously on 
wanning and reduced alkaline permanganate solution in the cold. 

Saponification of larger quantities of tetra-acetyhaethylhexosc was 
carried out under the same conditions and the liquid was neutralised 
with dilute acetic acid, filtered and evaporated to drymess in vacuo. The 
residue was then extracted with absolute alcohol, filtered from the 
sodium acetate, decolorised with charcoal and concentrated in vacuo. It 
was ledissolved in alcohol and reconcentiated until sodium acetate was 
completely eliminated. A pale yellow syrup remained, which after 
keeping in a vacuum desiccator for a long time became a tofiee-like 
mass. Methoxyl determination of the product gave 4 figures which w'ere 
slightly high probably owing to the presence of a little 1 : 6-dimethyl- 
hexose formed by condensation of ^-melhylglyceraldehyde with 
monomethyldihydroxyacetone formed by the action of alkali on 
^•methyiglyceraldehyde. 


I. Molisch’s test: — 

~. Barfoed’s reagent; — 

3. Fehling’s solution : — 

4. Ammoniacal silver nitrate 
solution; — 

5. Schiffs reagent; — 

6. Alkaline potassium per- 
manganate solution ; — 


Posithe. 

Reduction on wanning. 

Reduction slowly in the cold, 
vigorous on warming. 

Reduction in the cold, mirror on 
warming. 

Magenta colour slowly. 
Instantaneous reduction in the 
cold. 


/• Methyl alcoholic hydro- 
chloric acid cold for 1 
hour ; — 


Syrup did not reduce Fehling’s 
solution, but reduced permangan- 
ate in the cold. 


8 . 


9. 


Phenylhydrazine 
solution: — 


acetate Needle cry'stalline osazone m pt 
130° to 132° C. 


^er standing in a vacuum desiccator for 3 months, 6-methyIketo- 

ewse was found unchanged and still reduced alkaline potassium 
permanganate in the cold v^wssium 
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m the cold are held to be characteristics of y-sugars and are not given 
by normal sugars under the specified conditions. 

Glycoside formation was accomplished by dissolving a quantity of 
rff-y-methylhexose in methyl alcohol containing 1 per cent, of dry 
hydrogen chloride and keeping the solution at room temperature for 2 
hours. On isolation a yellow syrup remained which failed to reduce 
Fehling s solution even after warming, but reduced alkaline permanganate 
in the cold. Any glycoside obtained by this established method should 
be a y-glycoside; its behaviour towards permanganate together with its 
syrupy consistency differentiates it from the crystalline normal glyco- 
pyranosides. 

Further indication of the nature of this glycoside was given on 
attempting its hydrolysis with N/lOO aqueous hydrochloric acid: the 
hydrolysis was complete in 1 hour, whereas y-methylglucopyranoside was 
hardly affected under these conditions. 

The mixture of 6-methylhexoses was methylated with dimethylsulphate 
and sodium hydroxide^^ followed by Purdie’s^® reagent. The product 
on isolation did not crystallise and gave analytical figures for a tetra- 
raethyl-methylhexoside. It did not reduce Fehling’s solution, but re- 
duced permanganate in the cold. On hydrolysis it gave a liquid product 
which reduced Fehling’s solution and potassium permanganate in the 
cold. 

The product of the condensation of /3-methoxy-a-hydroxypropionalde- 
hyde and dihydroxyacetone possessed properties which sharply differen- 
tiated it from a pyranose. The condensation could not yield an amylene- 
oxide structure owing to the blocking of the 6-hydroxyl group. It could 
possess a ketone structure or a 1:2, 2:3, 2:4 and 2 : 5-oxide rings of 
which the 2:5 is by far the most likely. The results of this synthetic 
experiment indicates that hexoses possessing other than the amylene- 
oxide structure exhibit properties far more reactive than the normal 
sugars. These differences are greater than would be expected between 
derivatives of furane and pyrane, but the results of these experiments 
are difficult to explain on any other basis. 

The separation of the product of this synthesis into individual sugars 
by partition of the acetylated material by chromatographic methods 
will be communicated later. 


Experimental 

Condensation of §-methoxy-a-liydroxypropionaldehyde and 
acetone— Freshly prepared ^-methoxy-a-hydroxypropionaldehyde (20 g.) 

dissolved in 400 ml. of water was mixed with a solution of dihydroxy- 
acetone (20 g.) in 400 ml. of water and 1 g. of barium hydroxide dis- 
solved in a little hot water was added to the mixture. The solution %yas 
kept protected from light for 6 weeks, sufficient barium hydrox^e being 
added from time to time to maintain a well-marked alkalinity. The solu- 
tion became yellow in colour during the condensation. 

Isolation of the prodiicts.-in) An attempt to isolate by treatment of 
the above solution with phenylhydrazine-acctate mixture resulted in the 
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formation of a black oil froln which a small quantity of pale yellow 
needles melting at 130° to 132°C. was obtained. 

(b) The condensate was neutralised with dilute sulphuric acid and the 
filtered solution was evaporated in vacuo at 30° to The u^t 

brown syrupy residue was dissolved in absolute alcohol and filtered.^ On 
Temo^al of the alcohol no crystals appeared and the syrupy residue 
was redissolsed in alcohol and diluted with ether when a voluminous, 
white, amorphous precipitate formed. After separation, washing with 
ether and drj'ing over sulphuric acid a hygroscopic creamy product^ was 
obtained which reduced Fehling’s solution on wanning and ammoniacal 
silrer nitrate solution in the cold. 

The alcohol-ether fi^ltrate was eraporated at ordinary temperature 
giving a light brow'n syrup which reduced Fehling’s solution and 
ammoniacal silver nitrate solution. 


6-Metbylketo{iexose.-—Th& solution (800 ml.) containing the condensa- 
tion products was carefully neutralised and the clear filtrate was 
evaporated under reduced pressure at 30° to 35°C., a little alcohol being 
added towards the end of the process. A viscous yellow syrup (35 g.) 
was obtained which gave all the tests characteristic of a y-sugar. In all 
some 200 g. was prepared. 

(i-Methyltetra-acetylketohexose. — The dried' 6 -methylketohexose (25 g.) 
was slowly added to a mixture of 150 ml. of acetic anhydride and 6.25 
ml. of sulphuric acid, the mixture being strongly cooled. On stirring in. 
the cold for about 2 hours complete solution rvas affected. The mixture 
was poured into 600 ml. of ice-cold water, neutralised with sodium bicar- 
bonate, filtered and the residue, consisting of the acetylated sugar, was 
dissolved in chloroform. The filtrate was repeatedly extracted with 
chloroform, the chloroform solutions were w'ashed with water, dried, 
treated with activated charcoal, filtered and evaporated under reduced 
pressure. The syrupy residue w’as kept over potassium hydroxide in 
vacuo, when signs of crystallisation appeared but the bulk of the material 
remained as a yellow' sjTupy liquid. Yield 32 g. (69 per cent.) Found 
C,.49 07; H, 7-03 per cent.; Q^Ho^Oxo requires C. 49-72; H, 7-08 per 
cent. 0-5086 g. of syrup required 55-70 ml. of N/10 sodium hydroxide 
for complete saponification; theorv’ requires 56-10 ml. of N/10 sodium 
hydroxide. 


Purified ^-methylketohexose. — The tetra-acetate (75 g.) rvas hydrolysed 
with N /10 sodium hydroxide and after isolation in the usual way a 
yellow, very viscous syrup was obtained which reduced Febling’s solu- 
tion slowly in the cold but \igorously on warming, reduced potassium 
permanganate solution in the cold and formed a gfycoside on treatment 
With m^yl alcoholic hydrogen chloride at normal temperature for 1 
our. ^ese properties are characteristic of a y-susar. A determination 
r ^ modified Pregl method gave OCH 3 , 16-78 per cent : 

requires 15-97 per cent. The slightly hiah fiaure was 
Wde Presence of a smaU quantity of dimerhvl derivative 
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^-Methyl-y-methylketohexosidec—A solution of 6 -methylketoliexose (1 
g.) in 15 ml. of pure methyl alcohol containing 1 per cent, of diy hydrogen 
chloride was kept at room temperature for 2 hours. The solution was 
neutralised with silver carbonate, filtered and the solvent removed by 
distillation. The residue, a brown syrup, failed to reduce Fehling’s solu- 
tion even after warming, but it reduced potassium permanganate solu- 
tion in the cold. On hydrolysis the power to reduce Fehling’s solution 
> was restored. 

Hydrolysis of 6-inethyl-y-methylhexoside.~A solution of fi-methyl-y- 
methylhexoside (0-69 g.) in 12 ml. of N/ 100 hydrochloric acid was placed 
in a water-bath at 95 °C. At intervals 0‘2 ml. of the solution was re- 
moved and added to 1 ml. of Fehling’s solution diluted with 2 ml. of 
water. The solution was replaced in the water-bath and the amount of 
reduction was observed at the end of 5 minutes. The results were com- 
pared with those of methylglucopyranoside treated similarly. 


Time in Minutes after Beginning 


Reduction Observed 

Healing at | 

1 

6'methyl-y'methyl-ketohexoside 

methylglucopyranoside 

5 

10 1 

15 

30 i 

,60 

Distinct reduction 

j 

Very slight reduction 

Strong reduction 
Kapid „ 

Complete „ 

1 

1 

) 

Slight retiuction” 

>> >> 


Tetraniethyl-y-methylketoliexoside. — ^The 6 -methylketohexose was 
methylated with dimethyl sulphate and sodium hydroxide by the normal 
method, at first at 30°C. and then at 70°C. After isolation the process 
was repeated and the product was worked up in the usual manner. The 
product was then further methylated, using methyl iodide and silver 
oxide. On isolation 12 g. of a yellow syrup was obtained which showed 
no reduction of Fehling’s solution, but still reduced potassium perman- 
ganate solution in the cold. Found OCHa, 60T9 per cent.; 
CeH^OlOCHsfs requires OCH 3 , 62 per cent. 

Tetramethyl-y-keiohexose. — Hydrolysis of the tetramethyl-y-methyl- 
ketohexoside (1 g.) was effected with 1 per cent, aqueous hydrochloric 
acid by heating under reflux for half an hour. After neutralisation and 
isolation in the usual manner a syrup remained which reduced Fehling’s 
solution and potassium permanganate solution in the cold. 
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Ehrlich Rnd Bcchhold^ first showed conclusively that the introduction 
of a halogen atom into the aromatic nucleus produced an increase in the 
bactericidal activity of phenols. Karpow^ had already demonstrated that 
of the three isomeric chlorophenols the para-compound was the most 
active. These results received further confirmation in later work carried 
out by Kurodo^ although Klarmann^ showed that the activities of the 
three chlorophenols increased in the order ortho-, para-, nieta-. An in- 
crease in the molecular weight of both simple phenols and halogenated 
phenols by the introduction of alkyl, aryl and aryl-alkyl groups into the 
molecule causes a marked increase in activity. Kdarmann, Schternov 
and Gates^ tested a series of alkylehlorophenols ajamst 6 different micro- 
organisms and showed that whereas a peak of activity against EbertheUa 
typlii was obtained in those compounds with 5 carbon side chains the 
peak of activity against Staphylococcus aureus and Streptococcus luemoly- 
ticus was only attained when the side chain contained 7 or 8 carbon 
atoms. Furthermore o-alkyl-p-chlorophenols are more active than 
o-chloro-p-alkylphenols. In a corresponding series of benzylhalophenols 
Klarmann, Gates and Schternov® showed that a halogen which is ortho to 
a hydroxyl group increases the phenol coefBcient less than when in the 
pnra-position, though the general level of activity in these diphenyl- 
methane derivatives is lower than that for the corresponding alkylhalo- 
phenols. 5-Chloro-2-hydroxydiphenylmethane has approximately half 
the activity of 2-n-amyl-4-chlorophenol toward Staph, aureus and Strep, 
hcemolyticus. Contrary to the greater activity against both Gram-negative 
and Gram-positive organisms of bromophenols over chlorophenols in the 
simpler series, the monobrorao derivatives of 2- and 4- hydro.xydiphenyl- 
methanes are less effective against Gram-negative organisms yet more so 
against Gram-positive types than the corresponding chloro compounds. 

"^Basic dyes of the triphenylmethane series such as malachite green 
(I, R = CH 3 . X = C1), brilliant green (I, R = C 2 H„ X^HSOd and crystal 
violet (II, R^CHs. X=C1) are well established as antibacterial agents, 
yet little attention has been paid to the possibilities of their chloro- and 
hydroxy- derivatives as potential bactericides. New solid green 3B. 



/~x 


—NR, 


/■ 


-NR, 


^ '\ 





-f 

= NR, 
X~ 


314 


1 


H 


A CHLOROHYDROXY-TRIPHENYLMETHANE DYE 
which is 2-cMoro4':4"-£)/jciimethylaminotriphenylmethyI chloride was 

found by Beckwith' to be active against typhoid in rabbits. _ No coin- 
parison of the activity of this compound with that of malachite gr^n is 
recorded. Kligler" compared the activity of victoria green, 2 : 5-dichloro- 
4 ': 4 "- 6 tsdimethylaminotriphenylmethyl chloride with that of malachite 
green, and showed that the former was slightly more active than the 
latter. The efiect of introducing an hydroxy-group into the molecule of 
malachite green structure was studied by Fairbrother and Renshaiv^. 
3-Hydroxy-4';4"-h«dimethylaminotriphenylmethj'l chloride was found 
to be too insoluble for testing, while the more soluble patent blue V, 
monosodium - 5 - hydroxy - 4' ; 4 "-bfsdimethylaminotriphenyimethyl- 2 : 4- 
disulphonate possessed no antiseptic properties. Simon and Wood'" had 
concluded earlier that all predominantly acidic triphenylmethane dyes are 
inactive and these findings w'ere confirmed by Fairbrother and Renshaw®. 
But, in view of the presence of two sidphonic acid groups in the molecule 
of patent blue V, no conclusion can be drawn as to the efiect of introduc- 
ing the hydroxy group into the triphenylmethane molecule. 

The compound III, 2-chloro-5-hydroxy-4' : 4"-hfrdimethylamino- 
triphenylmethyl sulphate, embodies the salient properties of two types of 
antibacterial substances. One of the aromatic rings introduces the 
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paracWorophenol groupmgs into the molecule, while an arylalkyi side 
chain is duplicated in the main triphenylmethane structure. Such a com- 
pound might be expected to combine the selective antibacterial action of 
the tnphenylmethane dyes with the more general bacterial toxicity asso- 
ciated with phenolic substances and provide the basis for a new and 
powerful series of bactericides. 

For the synthesis of III, 2-chloro-5-hydroxytoluene was chosen as a 
convenient starting point on account of its ready availability. The 
required orientation of chloro- and phenolic groups with respect to the 
aityl side chain was thus already established. The oxidation of the alkyl 
fl. ! aldehyde was accomplished by chlorination to introduce 

by hydrolysis. In the first instance the 
protected by acetylation and the acetyl derivative 

expectation was realised with benzoyl-2-chloro-5-hydrox7- 
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toluene. This compound was chlorinated, in bright light, at an initial 
temperature of 140°C. which was slowly increased to 180°C. during the 
course of the reaction. 4-Chloro-3-dichloromethylphenyl benzoate (IV) 
CHCl. CHO 




X/^OCOQH, 


IV 


I il 

\/\0C0QH, 

V 


was obtained as a pale yellow, viscous oil after fractional distillation in 
vacuo. This substance was easily converted into the corresponding alde- 
hyde, 2-chloro-5-benzoylhydroxy-benzaldehyde (V) using the method of 
Hammick^^, boiling with alcoholic silver nitrate solution for 20 minutes. 
After concentration V crystallises from the filtrate as a white micro- 
crystalline solid which readily forms a 2 : 4-dinitrophenyIhydrazone and 
a semicarbazone. Its identity was confirmed by titration using 
hydroxylamine hydrochloride. 
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HO 
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OH \/ X—ncCHJj 


VIII 


'’-Chloro -5 -benzoylhydroxy-4' : 4"-6/5dimethy]aminotriphenylmeth^e 
(Vn was obtained in 70 per cent yield by condensing the aldehyde W 
with dimethylaniline, using phosphorus oxychloride as the condensing 
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agent and o-dicWoiobenzene as solvent, according to the conditions of 
Strykeri*. xhe product twice recrystalUsed from alcohol (95 per cent.) 
was a white crystalline powder and readily formed a picrate which, on 
analysis and titration with standard sodium hydroxide solution, was 
shown to possess the formula Bi[C 6 H 2 (N 02 ) 30 Hl 2 ' 


Debenzoylation of VI to 2-chloro-5-hydroxy-4':4"-hisdimetoylammo- 
triphenyhnethane (VH) was achieved by refluxing with alcoholic solution 
of potassium hydroxide. The crude leucobase (VII) was separated m 9b 
per cent, yield in the form of dark green crystals. Purification was efiected 
by chromatographic adsorption from ben 2 ene on. a column of activated 
alumina, followed by recrystallisation from alcohol (95 per cent.) to give 
a white crystalline product in 90 pet cent, yield. The picrate was obtained 
as a yellow crystalline solid and was shown by analysis and by titration 
against standard solution of sodium hydroxide to have the formula 
BAC.H3(N02)30H32. 


Oxidation of VII to the carbinol base, 2-chloro-5-hydroxy- 
6fsdimethylarQino-ttiphenyhnethylcatbmol (VlII) was carried out by the 
method of Minevitch^^ in 70 per cent, acetic acid at 0° to 5°C., using lead 
peroxide paste. The carbinol base (VIII) was obtained as a dark green 
scale product m 89 per cent, yield after purification by chromatographic 
adsorption on activated alumina from chloroform and elution from the 
column with the same solvent. It has no distinct melting-point and 
undergoes slow fusion with decomposition when heated for any length 
of time at temperatures over 100° C. It is insoluble in water, benzene, 
light petroleum (b.pt. 50° to 60°C.), ether and carbon tetrachloride; 
soluble in alcohol and very readily soluble in chloroform and acetone. 
The picrate of VIII was obtained as a dark yellowish green powder and 
was shown by analysis to possess the formula BilCcHefNO-laOHla. 


The conversion of the carbinol base (VIII) to the dyestuff, 2-chloro-5- 
hydioxy-4';4"-bijdimethylaminotripbenylmethyl sulphate (HI) was 
accomplished by agitating a chloroform solution of VIII with water con- 
taining the calculated amount of sulphuric acid, and evaporating to 
dryness. The identity of the product was established by microanalysis, 
though direct titration on a semi-micro scale with titanous sulphate 
solution using the method defined for brilliant green in the British 
Pharmacopeia failed to give consistent results. Further confirmation 
of the identity of Til was obtained by a study of its polarographic wave in 
comparison with that of a pure sample of brilliant green. The waves were 
plotted using a yoltamescope on solutions buffered at approximately nH2 
With hydrochloric acid and OTFl potassium chloride, the latter substance 
serving also as the ground electrolyte. Gelatin at a concentration of 0-02 
^r <xnt. was used for “ maximum ” suppression and alcohol to facflitate 
solution of the dyestuffs. A blank was carried out to demonstrate the 
Two"h interference of the ancUlary substances present in the solution 
Two ^pical waves are shown in Figure 1. These are foUowed cSv 
y a large hydrogen wave. The waves of the dyestuff (IIT) and nf 
bnlliant green are shown to be comparable. The half-wave poSntials am 
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0535V and 0-53 V for III and brilliant green respectively, and are 
measured with resp^t to the pool mercury anode. The waves are com- 
pletely cathodic, which may be taken as evidence of completeness of 
oxidation to the dye form. 



The dye III is only sparingly soluble in water, insoluble in ether, 
benzene and light petroleum, but soluble in acetone, chloroform and 
alcohol. It is capable of dyeing both silk and wool directly, and cotton 
in the presence of suitable mordants. The green colours so obtained 
remain fast on exposure to ultra-violet light for short periods, but are 
not fast to the action of boiling soap solutions. Preliminary bacterio- 
logical tests in aqueous solutions showed that III inhibited the growth 
of Streptococcus pyogenes at a dilution of 1/80,000 and Staphylococcus 
aureus at more than 1/160,000. A 1/1000 solution did not i^ibit the 
growth of Escherichia coli and Pseudomonas pyocyanea. 

Conclusion 

The chlorohydroxy-triphenylmethane dye III has been shown to possess 
a low order of antibacterial activity. The results of Fairbrother and 
Renshaw indicated that the presence of an acidic group in the molecule 
of a basic triphenylmethane dye, would decrease the activity. The intro- 
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duction of the phenolic group into the molecule of the dye 111 has 
demonstrated this effect and any enhancement of potency due to the 
presence of the chloro-group was insufficient to compensate for the 
reduction in activity' due to the phenolic group. 


EXPER1MENT.^L 

3-Methyl'A-chloro phenyl benzoate. — 2-chloro-5-hydroxy toluene (7 1 -2 
g.) was dissolved in 5N sodium hydroxide solution (100 ml.). Benzoyl 
chloride (70'2 g.) was added slowly and the mixture shaken continuously 
for 10 minutes. A further addition of sodium hydroxide solution 
(10 ml.) was made and the shaking repeated. The solid product was 
filtered from the solution, washed first with dilute sodium hydroxide 
solution, then with water, dried and recrystallised from alcohol (95 per 
cent.). Yield 110-5 g, (90 per cent.), m.pt. 86°C. 

'i-Dichloromethyl-^-chlorophenyl benzoate (IV). — S-methyl-d-chloro- 
phenyl benzoate (110-5 g.) was heated to 140°C. and a current of dry 
chlorine was slowly passed into the molten material for 9 hours. During 
the course of the chlorination the temperature was allowed to rise slowly 
to 180°C., and the apparatus was exposed to sunlight. The product, a 
dark browm viscous oil, was distilled in vacuo, and the second fraction, 
b.pt. 203° to 204°C./4 mm. He, was collected. Yield 94 g. (67 per 
cent.). 11 . 1-6013. Found; C, 52-90; H. 2-94; Cl. 35-36. CuH^O^Cls 
requires C, 53-26; H, 2-88; Cl, 33-76 per cent. 


2-ChlorO'5-benzoylhydroxybenzaldebyde (V). — ^Silver nitrate (56 g.) 
was dissolved in distilled water (60 ml.), heated to 80°C. and added with 
continuous stirring to a solution of IV (51 g.) in boiling alcohol (95 per 
cent.) (250 ml.). The whole was refluxed for 20 minutes with continuous 
and vigorous stirring and then allowed to cool. Neutralisation was 
effected by the careful addition of the calculated amount of calcium 
carbonate and the precipitated silver chloride removed by filtration, 
washed with alcohol (95 per cent.) and dried. The filtrate was evaporated 
to dryness, the residue extracted with boiling absolute alcohol and 
filtered. On cooling V separated as a white crystalline solid, m.pt. 
94° to 94-5°C, (Corr.). Yield (i) 34-1 g. A further yield of product 
was obtained by submitting the dried precipitated, silver chloride to 
continuous extraction with alcohol (95 per cent.), evaporating off the 
excess of alcohol and allowing to crystallise. Yield (ii) 1-5 g. Finally 
the combined mother liquors were concentrated and shaken with a 
saturated solution of sodium bisulphite. The aldehyde-bisulphite com- 
pound separated from the solution as a white solid which was filtered, 
washed with alcohol and then decomposed with sodium carbonate solu- 
tion The purified product was extracted with ether, the solution dried 
X?. , sodium sulphate, and the ether removed by evaporation 

f- 37-7 g. (89-5 per cent.). Found; C, 63-19; 

H A Eq.wL, 263-1. Q.H.O 3 requires C, 64-49; 

H, 3-48, a. 13-61 per cent. Eq. wt., 260-5. The aldehyde (V) forms a 
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2 . 4-dinitrophenyIhydrazone, which crystallises from absolute alcohol in 
orange prisms, m.pt. 240° to 241 °C. (Corr.). Found: C, 54 - 55 ; H, 3-05; 
N, 12-80; Cl, 8-76 per cent. CaoHisOeN^Cl requires C,’ 54-46;’ H,’ 2-97; 
N, 12-71; Cl, 8-05 per cent. The semicarbazone of V is a white micro- 
crystalline solid. It is practically insoluble in alcohol, but may be re- 
crystallised from dry acetone, m.pt. 225° to 226°C. (Corr.). Found: C, 

cr Cl, 11-8 per cent. C 15 H 12 O 3 N 3 CI requires C, 

56-68; H, 3-81; N, 13-22; Cl, 11-16 per cent. 


2-Chloro - 5 - befizoylhydroxy-4 ' : 4"-bisdimethylaminotriphenylmethane 
(F/)— V (13 g.) was refluxed at 100°C. for 3 hours with di- 
methylanUine ( 12-2 g.) and phosphorus oxychloride ( 7-7 g.), using 
o-dichlorobenzene (23 g.) as solvent. 5N sodium hydroxide solution 
(30 ml.) and water (30 ml.) were added and the o-dichlorobenzene re- 
moved by steam distillation. The crude product separated as a dark 
green sticky mass, which was then extracted with dilute hydrochloric acid 
(10 per cent.). The extract was filtered, diluted with distilled water 
(2 1 .) and neutralised by the careful addition of strong ammonia solution. 
A pale green flocculent precipitate was obtained, which was filtered, 
washed dried and recrystallised from alcohol (95 per cent.), to give a 
white crystalline solid. Yield 17 g. (70-2 per cent.), m.pt. 150°C. (Corr.). 
Found: C, 71-74; H, 5-90; N, 5-56; Cl, 7-26 per cent. C 30 H 29 O 2 N 2 CI re- 
quires C, 74-30; H, 6-02; N, 5-77; Cl, 7-31 per cent. Picrate 
Bi(CaH 302 N 3 ) 2 , m.pt. 147-5° to 148 °C. (Corr.). Found: C, 52-65; H, 
3-59; N. 11-50; Cl, 2-98 per cent. Eq. Wt., 970-1. C^sHasOisNsCl re- 
quires C, 53-47; H, 3-74; N, 11-86; Q, 3-76 per cent. Eq. Wt., 942-5. 


2-Chloro-5-hydroxy-4 ' : 4"-bisdimethylammotriphenylmethane (VII ) — 
VI (15-7 g.) was refluxed for 4 hours with N/2 alcoholic potassium 
hydroxide (300 ml.). When cold the solution was just neutralised by the 
addition of N hydrochloric acid and the alcohol removed by distillation. 
The solution was made just alkaline by the addition of potassium car- 
bonate, and the solid product which separated was filtered from the 
solution, washed with water and dried. Yield of crude product 12-13 g. 
(98 per cent.). This dark green crystalline material was purified by 
chromatographic analysis, using a 1 per cent, solution in benzene on a 
column of activated alumina. Development of the chromatogram with 
a mixture of 10 parts of alcohol (95 per cent.) and 90 parts of benzene 
caused a separation into four distinct zones, which were coloured (a) 
dark green, (b) pink, (c) violet, (d) yellow in order from top to bottom 
of the column. These four fractions were collected separately by con- 
tinued elution of the column with the developing solvent. Fractions 
(a), (b) and (c) contained only traces of unidentified impurities. The 
solvent was removed from fraction (d) under reduced pressure, in a 
current of hydrogen to minimise oxidation and the pale green solid 
recrystallised from freshly distilled alcohol (95 per «nt.) to give a pro- 
duct which was pure white. Yield 10-91 g., m.pt. 179° to 180 CJCorrd- 
Found: C, 72-01; H. 6-37; N, 7-62; Cl, 9-84 per cent. C 22 H 23 ON 2 CI re- 
quires C. 72-53; H, 6-61; N, 7-35; Cl. 9-31 per cent. Picrate 
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BACsHjO-Ns)., in.pt. 187° to 188=C (Corr.), with iaitial softening at 
185'C. Found-. C, 49-83; H. 3-64; N, 13-5; Cl, 3-83 per cent. Eq. wt. 
835-1. C 35 H 3 iOi 5 N,a requires C, 50-07; H, 3-70; N, 13-36; Cl, 4-_3 
per cent. Eq. wt. 838-7. 

2-Chloro-5-}iydroxy'-A'-A"-bisdimethylammotriphenylcarbinol {Vlll) 

VII (5-95 g.) was dissolved in 70 per cent, acetic acid (50 ml.) 
and the solution cooled to between O" and 5°C. The theoretical quantity 
of lead peroxide paste (prepared according to Gattermann^'*) suspended 
in 70 per cent, acetic acid (40 ml.) was added slowly to the above solu- 
tion with continuous stirring over a period of about 10 minutes. The 
reaction was allowed to proceed at 0° to 5'C. for one hour with con- 
tinuous stirring. SufBcient sodium sulphate solution to precipitate all 
the lead present was added and stirring continued for 20 minutes. The 
deep green solution was filtered to remove lead sulphate, made alkaline 
with sodium bicarbonate, and the precipitated carbinol base extracted 
with chloroform. The solvent was removed by distillation, and the dark 
green solid, after drying, continuously extracted with chloroform in a 
soxhlet apparatus. The chloroform solution was evaporated to 150 ml. 
and passed through a column of activated alumina. The dark green 
chromatogram was developed using a mixture of 90 parts of chloroform 
and 10 parts of alcohol (95 per cent.), when a gradual separation occurred 
into an upper dark green band and a lower yellow one. The latter was 
eluted from the column using the same solvent to give a yellow solution, 
which during the course of evaporation became pale green and finally 
left a dull green residue (0-15 g.) of unchanged leucobase. The contents 
of the dark green band on the column were eluted using a mixture of 
80 parts of chloroform and 20 parts of alcohol (95 per cent.), and on 
evaporation of the solvent the product was obtained as a friable, dark, 
purplish-black solid. Yield 5-39 g. A second fraction (0-10 g.) was 
obtained by extruding the column, extracting continuously wdth chloro- 
form for hoius and evaporatina the solvent. Total yield 88-6 per 
cent. Found: C, 68-55; H, 6-42; N, 7-09; Cl, 9-58 per cent. 
QrsHiaOoNoCl requires C, 69-56; H, 6-30; N, 7-06; Q, 8-94 per cent 
Picrate BdCeHsOrNs),. Found: C, 49-65; H, 3-94; N, 13-30; Q, 4-26 
per cent. requires C, 49-12; H. 3-65; N, 13-10; Cl, 4-15 

per cent. 


~-Ch\oTo-5-hydroxyA ' : ^"-bisdimetbylamUiotripbenylmethyl sulphate 
[liry—Vm (3 g.) w'as dissolved in chloroform (30 ml.). The 
calculated volume of N sulphuric acid solution and water (20 ml.) were 
added with continuous stirring, and the mixture maintained at 45° to 
50 C. for 1 hour. The dye which is almost insoluble in w'ater separates 
as a sticky mass which is obtained in fine scales on evaporation of the 
solvents and drv’ing at 100°C. Found: C, 58-92; H, 5-68; N, 5-65; Q 
7-15; S, 6-79 per cent. C:: 3 H; 505 N,C 1 S requires C, 57-9’; H 5-68’ n' 
a'o8; Q, 7-44; g.yi cent. 


Polarographs of the dye (III) and of brilliant green w 
plotted under the same conditions using a voUamescope. and these 
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illustrated in Figure 1. The composition of the two solutions used was 


as follows: — 

Dye (VI), or brilliant green 5 x 10'^ M. 

KCl 10'* M. 

Gelatin 0-02 per cent. 

0-lN Hydrochloric acid 21 ml. 

Alcohol (95 per cent) 50 mi 

Distilled water to 100 ml. 


Dissolved oxygen was removed from the solution by passing a stream 
of hydrogen for 10 minutes, and the polarographs were plotted under 
the following conditions: temperature 23-5 °C., drop time of the mercury 
cathode 1-4 secs., height of the mercury head 71-5 cm. 
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Rutin is a flavonol glycoside which is derived from quercetin by conden- 
sation of the sugar portion of the molecule with the phenolic hydroxyl 
group at position 3 of quercetin. On hydrolysis with dilute acid, rutin 
yields quercetin, rhamnose and glucose in equimolecular proportions. 
Rutin has the following formula: 
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Tentative methods for the determination of rutin and quercetin have 
been suggested by Porter, Brice, Couch and Copley^, and their methods 
have been modified by the Research Division of Penick and Co., New 
York.^ The methods of Porter et al. are based on the determination of 
£ 362 - 5 * and Eats for rutin and quercetin. 

Penick and Co. state that if the ratio = 0-875 ± 0-004 the 

Esss-S 

quercetin content is reported as being less than 1 per cent., and the 


percentage of 
325-5 = £35= 




rutin is given by the relation 

;.5 for pure anhydrous rutin. It will later be shown that— 

E; 


where 

£3,5 


, -^^ 302*5 

Js approximately 0-S76 for rutin containing 1 per cent, of quercetin and 
that the contribution of 1 per cent, of quercetin to the gross absorption 
IS approidmately equivalent to that given by 2 per cent, of rutin. Thus 
in the case of rutin containing 1 per cent, of quercetin the rutin content 

given by the ratio — ‘^ 25 - 5 ^^^ ^ excess of the true 


Throushout the paper E„ is used to indicate E I 

I cm. 


at wave length x mu 
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value. If the ratio g^is greater than 0-879, Penick and Co. calculate 
the rutin content from the formula. 

Rutin per cent. = 1-4722 Eas-s - 1-3324 E 3-5 
and Quercetin per cent = - 0-5406 ■+- 0-6183 Ea^ 

Further, small differences, within the limits of experimental error in the 
values of Eaea-s and Ears for rutin and quercetin will alter the formuls 
with the result 4at the rutin content as given by the formula is only likely 
to be correct within ± 0-5 per cent, under optimum conditions. 

Both Penick and Co. and Porter et al. previously dry the sample at 

125°C. for 4 and 16 

hours respectively in high 

800 vacuum before carrying 

out the assay. If the 

A / ^ assay is to be applied to 

600 y \ ■' \ commercial samples such 

V / \ a procedure would neces- 

E { P" ’ sitate a moisture defer- 

™ 400 \ \ mination carried out 

300 \ y ^ under the same condi- 

\ tions, and the time re- 

200 \ \ quired to carry out an 

100 \ assay would be consider- 

^ able. For this reason and 

S 20 300 osr- 400 ^he fact that no claims 

Wave length in have been made to esti- 

Fig. 1. Absorption spectra mate less than 1 per 

,, . , ■ cent, of quercetm in 

upper graph — quercetm. Lower graph — rutin .. ?. 

^ rutin-quercetin mixtures 

it was decided to undertake a systematic study of the problem. 

Absorption Spectra of Rutin and Quercetin. When dissolved in 

alcohol (95 per cent.) containing 1 per cent, of 0-02N acetic acid both 

rutin and quercetin obey Beer’s and Lambert’s laws. As shown in 

Figure 1 rutin exhibits absorption maxima at 259 mp and 362-5 mp and 

quercetin exhibits maxima at 257 mp and 375 mp. The maxima at 

362-5 mp and 375 mp are suitable for the determination of rutin and 

quercetin in mixtures. 

Choice of Solvent. It was found that for rutin £ 362-5 increased with 
increasing alcohol concentration without marked change in the wave- 


p 1 per cent. 


Wave length in mp. 

Fig. I. Absorption spectra 
Upper graph — quercetin. Lower graph — rutin 


TABLE I 

Effect of increasing the coNCENiRA-noN of alcohol on wave length of 

MAXIMUM ABSORmON 


Alcohol Conccotraiion 


50 per cent. 
60 
70 
80 


Alcohol Concentration 


90 per cent. 

95 per cent. 

95+1 per cent, of 0-02N 
acetic acid 
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length of maximum absorption. The results in Table 1 were obtained on 

a commercial sample. . 

The use of alcohol (95 per cent.) permits increased accuracy m the 
determination, since the solubilitj' of rutin in acid alcohol (95 per centj 
is very much much greater than in alcohol (50 per cent.). A^tic acid 
(0-02N) is added to maintain the final dilution on the acid side of 
neutrality, since mention is made in the literature of the capacity of rutin 
to form metallic salts.*’'* 

Hydration of Rutin. If samples of rutin previously dried to constant 
weight at 110°C. are assayed, the maximum value of which can be 
obtained for a sample which is completely soluble in acid alcohol (95 per 
cent) is approximately 300. After drying samples at llO^C. in a vacuum 
below 1 mm. Hg. pressure over phosphorus pentoxide for 2 hours, 
and assaying the dried sample, it is found that the value of Esss-s increases 
to approximately 325. This corresponds to a loss of 7-7 per cent, of 
moisture on drying. Rutin is Icnomi to exist as the trihydrate and this 
contains approximately 8T per cent, of water of crystallisation. Thus, 
drying at 110°C. in a high vacuum for 2 hours removes all the water of 
crystallisation. From the above it seems likely that commercial samples 
of rutin will consist essentially of rutin trihydrate plus hygroscopic 
moisture. This has been coirBimed for samples so far examined. 

Preparation of Pure Rutin. A sample of crude rutin prepared by 
extraction from buckwheat 'was purified as follows : 

A. TTie sample was dissolved in alcohol, the least possible quantity^ of 
alcohol being used, and the rutin was then reprecipitated by the addition 
of sufficient water to reduce the alcohol concentration below 10 per cent. 
After standing in a refrigerator overnight, the rutin was filtered and 
washed •with water. 


B. The purified rutin from section A was dissolved in the least possible 
quantity of alcohol (75 per cent.), warming to effect solution. The solu- 
tion was cooled, and brown material, which was precipitated on coolina. 
was ffltered ofi. The alcohol was then distilled off until the point of 
incipient crystallisation was reached. The solution was allow'ed to cool, 
the rutin filtered, w’ashed with small amounts of alcohol (75 per cent 1 
and dried at IIOX. 

C. The filtered rutin was then dissolved in boiling 99 percent isopropyl 

TABLE n 

SpEcmopH0T0\{Enuc data tor samples of Ruro; and ouercettv; 

DRIED AT nO°C. IN A ffiGH VACUUM 


. Ria in 

UnginjI samplt 
Simple A 
SiaipleB 

C ]" 


279-4 ,2T7-8 
2S2-S ,2S2-8 
2SI -4,282-6 
281 -2. 281 -0 


321-0 , 321 -S 
325-2,325-5 

324- 9 , 325-2 

325- 2 . 324-5 


280-0 , 2S0-' 
284-9 ,283-1 

282- 4,283-: 

283- 1 ,283-1 
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alcohol, the solution was concentrated, cooled to room temperature, 
filtered and poured into 10 volumes of hot water. When precipitation 
was complete the rutin was filtered off. 

Preparation of Pure Quercetin. D. Crude quercetin was prepared by 
refluxing purified rutin with 1 per cent, hydrochloric acid (100 ml./g. of 
rutin). The quercetin was filtered off and washed with cold water. The 
crude quercetin was twice crystallised from alcohol (80 per cent.). 
Samples E and F were taken from the first and second recrystalfisations 
respectively and sample F melted at 313 °C. Samples A. B. C. D. E and 
F were dried at 1I0°C. in a high vacuum and examined spectropboto- 
metrically with the results given in Table 11. 

Asso)’ of Rutin and Quercetin in Mixtures. According to Vierordt/ 
two components of a mixture may be assayed by means of the following 
formulae, if values of E for both substances and for the mixture 
are known for two selected wavelengths. 


In the present case 


Percentage of rutin == ^ 100 

\a0b3 - a^bo/ 

Percentage of quercetin = ^ 

where ao 

= £302-5 pure anhydrous rutin. 

ai 

= E375 pure anhydrous rutin. 

bo 

= £302-5 pure quercetin. 

bi 

= E375 pure quercetin. 

Co 

= £302-5 mixture. 

Cl 

= E375 mixture. 


The values of ap, ai, bo and bi have been determined experimentally 
and have been assigned the following values : — 

ao =325, ai = 283, bo = 702. b^ = 780. 

The equations then become 
percentage of rutin = 1-4224 Eos-^o - T2802 E375 
percentage of quercetin = - 0-5I6I Eses-s + 0-5927 E375 

The latest formulae published by Penick and Co. are 
percentage of rutin = 1-4722 E362-5 - 1-3324 E375 
percentage of quercetin = - 0-5406 £362-5 -f 0-6183 E375 

The results in Table III were given on mixtures of known composition, 
by the Penick formulae, the formulae derived above, and by a graphical 
method which will be described later in the paper. 

From Table III it will be seen that in the case of the Penick formula, 
the percentage of quercetin is correct within the limits of experimental 
error to be expected in such a determination, whilst the rutin results 
with one exception are about 1 per cent. high. In the case of the 
derived formula, the percentage of rutin is approximately correct, whilst 
the quercetin results are about 0-5 pier cent. high. 

326 



DETERMINATION OF RUTIN AND QUERCETIN 


* TABLE III 

Comparison of the results obtained by three methods for mixtures 

OF KNOWN COMPOSITION 


Theoretical 


Penick Formula 


Derived Formula 


Graph 


Rntin 
per cent. 

Quercetin 
per cent. 

Rutin 
per cent. 

Quercetin ! 
per cent, j 

Rutin * 
per cent, i 

Quercetin 
per cent. 

1 Rutin ’ 

per cent. 

-1 ! 

Quercetin 
per cent. 

99-03 

0-97 


0-72 

100-00 

1-40 

i 99-25 ^ 

0-7S 

98-60 

1*40 

99*67 

1-58 


2-20 

1 98-60 


98-08 

1*92 

98-36 

1-61 

99-90 , 

1-98 

1 98-05 

1 *95 

97-52 

2-48 

1 98-55 

2-62 

97-08 

3-20 

1 97-30 

2-70 

97-14 

2-86 

1 98-37 


97-23 

3-60 

1 96-40 

3-60 

96-59 

3-41 

97-68 

< 3-47 

96-58 


j 96-30 

3-70 

96-23 

1 3-77 

97-51 

3-79 

96-43 

4-36 

: 96-00 


95-69 

1 4-31 

^ 96-54 

i 4-33 

' 95-59 

4-88 

1 95-60 


95-53 

I 4-67 

‘ 96-66 

I 

4-54 

95-62 

508 

95-30 

4-70 


The mixtures were made from purified rutin and quercetin previously 
110“ C. for 2 hours in a high vacuum. 


dried at 


Since the latio 



is a measure o£ the quercetin content, it was 


decided to attempt to use the ratio to measure the quercetin content and 
hence the rutin content by difference or calculation. Table IV has been 
constructed from the data for rutin and quercetin. 


TABLE IV 

Measurement of rutin content by the ratio 

t- 375 


Rutin 


Quercetin 


E 1*7 

E su 

per cent. 


per cent. 


H 37* 

E 3|Sa| 

100 


0 


0-9936 

0'871 

99 


I 


0 9828 

0-876 

98 


0 


0 9722 

0-881 

97 

' 

3 

( 

0 9618 

0-886 

96 


4 


0-9520 

0-891 

95 


5 


0-9419 

0-895 

94 


6 


0 9330 

0 900 


It will be seen that the ratio 


E357 


changes more rapidly with the 
E375 


increased amounts of quercetin than the ratio 

^ 362*5 

E 

The tatio-^has been determined for the mixtures in Table III and 

^375 

the percentage of quercetin read off from the graph plotted from the data 
m Table IV. It will be seen that in nearly every case the percentages of 
rutm and quercetin agree with the theoretical values * 0-2 per cent. This 
method is not applicable to the rapid assay of commercial samples, as it 
ouid necessitate drying to constant weight in high vacuum at 110°C. 

indicate the relative amounts of rutin and 
prcvSuTd5in““"' formula, samples may be assayed without 

““y » rain- 
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Weigh 50 mg. and dissolve in ethyl alcohol (95 per cent.), using 50-ml. 
graduated flasks. Dilute suitably to give a density reading of 0-4 to 0-6 
when the wave length scale of the Beckman spectrophotometer is set at 
362'5 mg. Add 0'5 ml. of 0'02N acetic acid to the last dilution and com- 
pare the optical density of this solution with that of a solution of ethyl 
alcohol (95 per cent,), containing a similar amount of acetic acid, using 
1 cm. cells, a tungsten lamp and a Coming No. 9863 Red-Purple Corex A 
Alter. 

E 

Calculate E347, Esss-s. E375 and the ratio 

E375 


From Table IV or a prepared graph read o5 the composition of the 
mixture corresponding to the ratio. 


If X = percentage of quercetin read on graph, then rutin : quercetin 
= 100 - X ; X or quercetin 


(iw^) 


rutin. 


Let the actual rutin content of sample be y per cent, anhydrous rutin. 


then quercetin content will be 


(t®^) 


y- 


For a naixture £350.5 = 3-25 y -f 7 y 


(W^) 


Here x and £350.5 are known, so y, the anhydrous rutin content of the 
sample may be calculated. 

From this the quercetin is given by ^ 

percentage of anhydrous rutin x 1-088 




,100 -X, 
percentage of rutin trihydrate. 


It is important to ascertain that the maximum absorption does not lie 
on the ultra-violet side of 362-5 mg. If the maximum is at a shorter 



100 0 99 0-98 0-97 0 96 0-95 0 94 0 93 


E } 367 mg / E } 375 mg 

Fig. 2. Percentage of quercetin in 
mixtures of anhydrous rutin and 
quercetin. 

red pigment have been extracted. 


wave length than 362-5 mg, then 
the determination will be rendered 
inaccurate by the presence of 
other absorbing substances. None 
of the methods which have been 
proposed for the assay of rutin is 
directly applicable if there are 
considerable amounts of chloro- 
phyll and red pigment present. 
Chlorophyll and red pigment may 
be tested for by the extraction of 
the sample with ether. If chloro- 
phyll and/or red pigment are 
present, the ether will become 
coloured. Pure rutin is insoluble in 
ether. The above method may be 
applied after the chlorophyll and 
Porter et al- have given a method 



. DETERMIMATIOri OF RUTIN AND QUERCETIN 

for the quantitative detennination of chlorophyll and red pigment in 
rutin. 


Assay of Rutin in Tablets 

Detennine the mean weight of 20 tablets. Powder and mK well. Weigh 
50 mg. and dissolve in 80 ml. of ethyl alcohol (95 per cent.), wanning 
to efiect solution. Filtet and make up to volume with ethyl alcohol (95 per 
cent.) in a 100-ml. graduated flask. Dilute svutably for the spectrophoto- 
meter, adding 1 per cent, v / v of 0'02N acetic acid to the final dilution. 
Then proceed as instructed for the assay of rutin and quercetin. 

percentage of anhydrous rutin 
Mean weight per tablet in mg. x fOO” — 

= mg. of anhydrous rutin per tablet. 

The above assay has been found satisfactory for tablets containing as 
excipients lactose, starch and gum acacia. 

The spectrophotometric measurements in this investigation were 
carried out on a Beckman Quartz Spectrophotometer calibrated on the 
mercury lines of wave length 4047A, 3650A, 3341A, and 3132A. 


Summary 

1. The ultra-violet absorptions of rutin and quercetin have been investi- 
gated. 

2. A rapid method has been developed for the accurate determination 
of the minor constituent of binary mixtures of rutin and quercetin, 
and a formula derived for the correction of the gross absorption for 
the absorption due to the minor constituent. 

3. A comparison has been made between American methods of assay 
and the method in use in this laboratory. 

The author wishes to express his thanks to the Directors of Allen and 
muburys, Ltd., for permission to publish this paper, to Dr. N. Evers for 
helpful criticism, and to Mr. W. Smith for providing laboratory facilities. 
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THE COLORIMETRIC DETERMINATION OF ANEURINE BY 
AUERBACH’S METHOD 

By C. W. Ballard and E. J. Ballard 

From the Analytical Control Division of May & Baker, Ltd. 

Received 5th February, 1949 

Auerbach’s method’ for the colorimetric determination of aneurine in 
pharmaceutical preparations, like that adopted in the United States 
Pharmacopoeia XII, is based on that of Melnick and Field^ but is simpler 
and more rapid than either. Auerbach accelerated the colour development 
by heating at 60°C. for from 3 to 15 minutes, and for colourless simple 
solutions of aneurine be diluted with isopropyl alcohol instead of extrac- 
ing the pigment with xylene, claiming an accuracy of ±3 per cent. Re- 
cently Elvidge^ reported that the method was not reproducible and quoted 
errors of up to 13 per cent, in determinations without the use of standards: 
however, even using standards he obtained low and erratic results on 
tablets, the maximum deviations from the mean being -fS per cent, and 
- 5 per cent. On the other hand Brown et al* reported good agreement 
between the Melnick and Field colorimetric method and the thiochrome 
method and pointed out that the former was the more reliable whereas the 
latter, being more sensitive, was better for samples of low potency. The 
high sensitivity of the thiochrome method was acknowledged also by 
Adamson and Handisyde’ who reported that in ordinary routine work 
with this method a greater precision than db5 per cent, could not be 
relied upon. The present paper describes experiments carried out to 
establish a modified Auerbach’s method which was used for control 
purposes before the thiochrome method became official in the British 
Pharmacopceia. 
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COLORIMETRIC DETERM 1>:AT10N OF ANEURINE 

Modihcations to the Original Jv-Iethod 
The original method requires onl}' small \olumes of solution and 
reagents, for example 1 ml. and 2 ml., and an initial modification to 
increase precision, was to use 5 times the original amounts. Howeter, 
difficulties in securing uniform heating of the larger volumes were encoun- 
tered and hence consideration was gi%'en to determining conditions under 
which rapid coupling occurred at room temperature. Figure 1 shows 
the efiect of temperature on the rate of development of colour, 20 to 25 
minutes being required for complete coupling at room temperature. 

Auerbach specifies the use of 20 to 25 pet cent, ethyl alcohol or methyl 
alcohol as the sohent during coupling, and experiments showed that lower 
results were obtained with methyl alcohol and isopropjT alcohol but that 
constant maximum values were obtained with 20 to 25 per cent, ethyl 
alcohol. For simple solutions Auerbach uses a less alkaline diazotate 
reagent than that used for an elixir and tablets whereas Allport® recom- 
mends the more alkaline reagent for both. Experiments show’ed that the 
degree of alkalinity was important, as indeed was expected because of 
the importance of pH in coupling reactions, and an optimum was chosen. 
Slightly low results were obtained when the reagent was used immediately 
after preparation but constant values resulted when the reagent was used 
between 2 and 3 nainutes after adding the alkali. The rate of colour 
deielopment increased with increase m concentration of the diazotate 
teagent and, using 0-06 per cent, maximum colour was obtained in 10 
minutes. Acid added after coupling slightly decreased the colour intensity, 
but when added before coupling was complete it arrested the coupling 
reacfion and this effect was used in determining colour development 
curr’es. 

SoLtmoNs on Aneurinb 

Although according to Auerbach many substances affect the intensity 
and shade of the colour produced, it was found that traces of inorganic 
salts and a relatively large proportion of dextrose in the preparations 
examined made no difference. The reproducibility and precision of the 

nd method were tested by carrying out determinations on different days 
With freshh prepared reagents (Table I). 


TABLE I 

REPRODuciBrurv or proposed method 

Da> 

Ancunne SolutiOT, Diazotate ReaEc^t | 

Exunction Value 

1 

• v 

1 W2 

I WO 

1 

1 040 


- B 

1 0-0 
\ 035 

— — __ 

C 

\ 040 

1 W5 


^ — ■ ■ -■ — 

D 

I W{ 

\ 042 

- — 

E ' 

1 05S 

I 04t 
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From these results it was concluded that the modified method, unlike 
Auerbach’s original method, was sufl&ciently reproducible to permit the 
use of a calibration curve. 

The proposed method for 
simple solutions is described 
below and calibration 
curves obtained with Inter- 
national Standard Vitamin 
Bi and with a sample of 
aneurine hydrochloride B.P. 
are shown in Figure 2. 

Reagents. (1) p-Amino- 
acetophenone Solution, 0-06 § 
per cent, in 0-2N hydro- ‘S q. 4! 
chloric acid. (2) Sodium ‘i ' ■' 
nitrite Solution, 0-2 per 
cent, (freshly prepared). 

(3) Diazotate reagent, cool 
10 ml. of p-aminoaceto- 
phenone solution to 5°C., 
add 3 ml. of sodium nitrite 
solution and mix. After 3 


: 0-6 





1-0 


0-2 0-4 0-6 0-8 

Aneurine Hydrochloride mg. 

Fig. 2. Calibration curve, 
minutes add 3 ml. of 2N sodium hydroxide and mix by shaking. Use 
between 2 and 5 minutes after preparation. 

Method. Prepare a dilution of the sample to contain about Od mg. of 
aneurine hydrochloride / ml. and having an acid concentration equivalent 
to O'OIN. Transfer 5 ml. to a 50 ml. graduated flask, add 10 ml. of 
ethyl alcohol (50 per cent, v/v), mix, add 5 ml. of diazotate reagent and 
again mix. Place in a water-bath at 20'’C. for 12 minutes and then dilute 
to 50 ml. with isopropyl alcohol. Determine the extinction in a 1 cm. 
cell using an Ilford 604 filter, subtract the value of a reagent blank and 
read off the amount of aneurine from a calibration curve. 


Tablets of Aneurine 

Auerbach extracted aneurine from powdered tablets with alcohol (50 
per cent.) by heating at 60 °C. for 10 minutes. Using this method very 
low results were obtained (Table II) and this may account for Elvidge’s 
results on tablets which, despite the use of standards, were on an average 
20 per cent. low. 

TABLE II 

Extraction of aneurine from tablets 



1 

Aneurine Hydrochloride 

Method 

( 

1 

found 
per cent. 

Auerbach 

1 

1-66. 1 52, 1 54 


hours 


{ 

19 

1-88, 1-83 

Alcohol (50 per cent,) at room temperature J 

46 

2 05, 2'00 

246 
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COLORMETRIC DETERMINATIOK OF AKEURINE 

Modifications (Table 11) gave higher results, but none was ^considered 
entirelv satisfactorv. The United States Pharmacopceia XU dissoP es 
tablets’ in COIN hydrochloric acid whilst Wokes" heats for 10 minutes 
with a mivture of 15 ml. concentrated hydrochloric acid and 25 ml. of 
water. For other materials various methods have been used, for 
example, boiling with 1 per cenL hydrochloric acid' or for 10 minutes with 
(M)05N hydrochloric acid'’ and boiling for 1 hour with 0‘4N sulphuric 
acid.^° Recovery’ experiments made with the particular tablets imder 
examination showed that the foUow'ing method was satisfactory. 

Method. Finely powder 20 tablets and weigh accurately an amount 
of powder expect^ to contain about 10 mg. of aneurine into a 100-ml. 
conical flask. Add exactly 5 ml. of dilute hydrochloric acid and 10 ml. 
of water, heat to bofling and boil gently for 4 minutes. Cool, add (x - 1) 
ml. of N sodium hydroxide, transfer to a 100 ml. graduated flask and 
dilute to a 100 ml. with w’ater. (The value of x is the number of ml. of X 
sodium hydroxide required to neutralise the hydrochloric acid in a control 
determination, after cooling). Use 5 ml. of this solution for a determina- 
tion as described for simple solutions. 

SUMSURY 

1. Auerbach's method for the colorimetric determination of aneurine 
has been modified. The modified method is of greater precision, is 
reproducible and permits the use of a calibration cuiwe. 

2. The inapplicability’ of Auerbach's method to certain tablets has 
been shown and a more satisfactory’ method is described. 

Thanks are due to Dr. E. F. Hersant for helpful comments, to Mr. 
H. W. Johnson for preliminary’ experiments on tablets,and to the Directors 
of May and Baker, Ltd., for permission to publish th'is paper. 
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ABSTRACTS OF PAPERS PUBLISHED IN 
OTHER JOURNALS 

- CHEMISTRY 

ANALYXrCAL 

Colchicine, Polarographic Determination of. F. Santavy. {Phann. 
Acta H civet., 1948, 23^ 380.) The method, applied to the seeds, is as follows. 
5 g. of the powdered seeds is macerated for 3 hours at 75 °C. with 96-5 g. of 
water. Water is added to make the weight up to its original value, followed 
by 3-5 ml. of a saturated solution of lead acetate. After filtration, 60 ml. of 
the filtrate is treated with 0-25 g. of trisodium phosphate, and again filtered. 
To 2 ml. of this solution is added 2 ml. of phosphate buffer solution (pH 7 
to 8), and, after the removal of oxygen, the polarographic curve is determined. 
The quantity of colchicine is obtained from a standardisation curve with pure 
colchicine. On account of the presence of other reducible substances, the 
values are about 6 per cent. high. For the same reason the method is not 
suitable for other parts of the plant. For tincture of colchicum, 20 g. of the 
tincture is evaporated on the water bath to one fourth of its volume and, 
after cooling, diluted with water to 17 g. The determination is then continued 
as before with the addition of 1 g. of lead acetate solution and 2 ml. of a 
saturated solution of sodium phosphate. c. M. 

Digitoxin, Effect of Various Alkalis on the Sensitirity of the Baljet Reaction. 
F. K. B e 1 1 and J. C. K r a n t z, J r. (/. Amer. pharm. Ass., Sci. Ed., 1948, 
37, 297.) The Baljet test, used by the U.S.P. XIU as a colorimetric control 
for digitoxin, depends upon the red colour produced when a methyl alcoholic 
solution of trinitrophenol containing sodium hydroxide is added to a methyl 
alcoholic solution of digitoxin. The effect of replacing the alkali with 
ammonium hydroxide, lithium hydroxide, tetramethylammonium hydroxide 
and tetraethylammonium hydroxide was investigated. With ammonium 
hydroxide the colour was not produced, and lithium hydroxide made no 
significant difference to the test. The quaternary ammonium bases, on the 
other hand, gave a deeper, more intense and more stable colour, which 
also reached its maximum intensity more rapidl)'. Using these results, the 
following procedure was developed for preparing the reaction mixture. 
To 2 ml. of a 0-02 per cent, solution of digitoxin in methyl alcohol, add 
0-1 ml. of a 5 per cent, solution of ■ trinitrophenol in methyl alcohol, mix, 
and add 2 ml. of a 10 per cent, aqueous solution of tetraethylammonium 
hydroxide. The maximum colour develops in 10 minutes and remains 
constant, within the limits of experimental error, for about 30 minutes. 
The modified test is twice as sensitive as that of the U.S.P., and appreciably 
more sensitive than the alternative Keller-Kiliani test of the U.S.P. G. R. k- 

Linoleic Acid in Edible Fats, Determination of. W. J. Stainsby. 
{Analyst, 1948, 73, 429.) The calculation of the composition of a fat con- 
taining saturated acids, oleic, and linoleic acids involves the use of 3 
simultaneous equations; the total acid equation, another involving the use 
of iodine values of oleic and linoleic acids, and a third involving the 
quantitative titration of the acidic glycerides produced by o.xidation of the 
fat. In the third determination the fat is oxidised in anhydrous acetone 
with potassium permanganate followed by titration of the acidic glycerides 
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after the removal of the steam-volatile acid products. Results obtamed with 
several hvdrogeaated cottonseed oils and with 3 samples of sesame, sun- 
flower-seed and palm oils compared very favourably with those obtamed by 
the thiocyanogen method, and by the spectrophotometric method involving 
alkali isomerisation to a conjugated acid which is subsequently estimate 
from its ultra-violet absorption spectrum. The method can be extended with 
little loss of accuracy to determine the total unsaturated acids of oils con- 
taining more than 2 unsaturated acids. In the case of fats generally svit 
a higher acid value than that allowed by the British Pharmacopoeia, errors 
arise and such fats should be neutralised before the determination is carried 
out. 

Methyl Alcohol, Quantitatire Colorimetric Microdeterroination of, with 
Cfaromotropic Acid Reagent. R. N. Boos, (ylna/.chem.. 1948, 20,964.) The 
reaction of formaldehyde when heated with chromotropic acid (T,S-di- 
hydroxynaphthalene-3;6-disuIphoDic acid) in the presence of sulphuric acid^ to 
ghe an intense violet-red colour is used as the basis for the determination 
of methyl alcohol. A known wei^t of organic material under test is mixed 
with water (4 ml.), distilled, and 3 ml. of the distillate collected. One ml. of 
this solution (diluted to contain 20 to 100 jig. of methyl alcohol per ml.) is 
oxidised for 10 minutes with 3 drops of dilute phosphoric acid solution 
(10 ml. of 50 per cent, acid diluted to 100 ml. with water) and 5 drops of 
potassium permanganate solution (5 per cent.); decolorisation of excess of 
potassium permanganate is eBected by the addition drop by drop of saturated 
sodium bisulphite solution. Four drops of a 2 per cent, aqueous solution 
of chromotropic acid is added, the mixture heated at 60°C. for 15 minutes, 
cooled in an ice-bath, allowed to reach room temperature and then diluted 
to 10 ml. The intensity of colour of the solution is measured in a suitable 
colorimeter, the peak light absorption occurring at 5800A. A blank deter- 
mination is necessary each day as the chromotropic acid solution darkens 
with time. The reaction is specific and the following do not interfere; 
acetaldehyde, propionaldehyde, butyraldehyde, isobutyraldehyde, isovaleral- 
dehyde, crotonaldehyde, chloral hydrate, glyoxai, benzaldehyde and 
phthalaldehyde. Glyceraldehyde gives a yellow colour. Good agreement 
was shown between the method proposed and the Zeisel method, and the 
method can also be used for the determination of raethoxyl groups in methvl 
esters with a relative error of less than 2 per cent. ' r. e. s. ' 


FIXED OILS, FATS Al^ WAXES 

J A. P. o 1 i V e r and F. B. S h o r I a n d. {Biocheni. 

rrn)j ■ ^ specimens of school or snapper shark 

oo/cor/mH« Australis) selected at random were studied separatelv. The 

66 S tolTo from 23-1 to 60;7 per cent, and contained from 

which reserves of the fish. Tables are given 

of tissues and organs and size of each specimen; proportions 

unsaponifiable anal^t'cal determinations of vitamin A. 

bod^^ ^^P^nification equivalent, and iodine value of liver 

and'k analyses of 4 of the li%-er oils 

and 

acid and unsaturated coatamcd more palmitic 

and bodv lipids The wide /rff ^ ^ stearic acid than the head 
- Pms. the wider differences m content of C,-., C,, and c! 
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unsaturated acids of the liver oils amounting to as much as 6-3 units per 
cent, were thought to be outside experimental error, although this was not 
conclusive in view of previous variations in accuracy. The composition of 
the liver fats did not appear to be influenced by the extent to which the 
liver was used for fat storage, in contrast to the results of Rapson obtained 
from a study of teleostean species. r. e. s. 

Oils and Fats, Stability of. E. San dell. {Farm Revy, 1948, 47, 699, 
715.) A low peroxide content of oils and fats is not a guarantee of stability, 
as in the preparation of the material it is possible that natural antoxidants 
may have been removed without an appreciable amount of oxidation occur- 
ring. Further, traces of metals may have a great influence. Lard has a 
much lower stability if fish oils have been used in the animal feeding- 
stuffs. Finally, a strongly oxidised fat may be refined to a low peroxide 
content, but its stability remains ppor. In order to decide on the keeping 
properties of a sample of oil or fat it is thus necessary to apply special 
stability tests. In these tests the oxidation is accelerated by raising the tem- 
perature, increasing the surface exposed to air, by light, and by traces of 
metals, of which copper is the most active, while manganese, iron, and 
chromium also have a marked action. The latter method is of little prac- 
tical value, since natural antoxidants (synergists) in the oils are probably 
effective by reason of forming complexes with traces of metals. Accelerated 
stability tests do not always predict accurately the behaviour of oils and 
fats on storage, since the reactions may take a different course under 
different conditions, but they form a useful guide. When testing fatty 
pharmaceutical preparations, with or without antoxidants, the stability tests 
should be carried out under conditions approximating as closely as possible 
to those encountered in actual use. Results obtained by the addition of an 
antoxidant to a pure fat cannot be extended to a galenical preparation made 
with that fat. o. \f. 

Rape Seed Oil, Component Acids of. M. N. B a 1 i g a and T. P. 
Hilditch. (J. Soc. chem. bid., bond., 1948, 67, 258.) The component 
acids of four rape seed oils — Indian (Toria, Guzerat), Poh'sh (Danzig), and 
Argentine (Plate) — and of ravison and Jamba rape seed oil have been 
examined by crystallisation from ether at —40' C. under suitable con- 
ditions, previous to ester-fractionation. In this way it was possible to 
determine approximately the 3 unsaturated and 5 saturat^ n^or com- 
ponent acids as well as the 4 major ones, viz., erucic, oleic, linoleic and 
linolenic acids. The average fatty acid composition of the 4 rape oils is . 
palmitic 2-5, saturated C.„ C», C„ (together) 5, hexadecenoic 2, oleic 
15, linoleic 13-5, linolenic 8, eicosenoic 5, erucic 48, docosadienoic 1 per 
cent. (wt.). Ravison oil fatty acids contain less erucic (39 per cent.) 
and more linoleic (21 per cent.). Jamba rape oil fatty acids contain Jess 
erucic (37-5 per cent.) and apparently larger proportions of oleic (c. zu 
per cent.) and eicosenoic (c. 1 1 per cent.) acids. The procedure for the 
examination of the component acids of these cruciferous seed oils, mi - 
tedly difficult to resolve, is given in detail. • • 


PLANT ANALYSIS 


' Pvrethrum Flowers, Analysis of. W. M i t c h e 1 1, F. H. T r e sad e r n 
and S. A. W o o d. {Analyst, 1948, 73, 484.) A systematic study has been 
made of the Sell method, depending on the fact that chrysanthemum 
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dicarboxyHc acid is not volatile in steam in contrast to 
acid, and of the Wilcoxon-Holaday method, dependmg on the fact that only 
the tnonocarboxylic acid is readily soluble m light petroleum. Pur 
chrysanthemum acids were used in the study and the behaviour, 
and stability of the acids under varying conditions are reported, ine seu 
method was found to give low results for pyrethrm I and slightiy bign 
results for pyrethrin II, the inaccuracies being due to a temperature etteci 
and not to mineral acid. It is suggested that the apparent loss ot 
chrysanthemum monocarboxylic acid is due to hydration and that the 
resultant hydroxy-acid is partly responsible for the slightly high figures for 
pyrethrin II. A modlBed Seil method gave accurate total pyrethrum 
figures when compared with the Wilcoxon-Holaday method. The 
method could give accurate results for pyrethrin I and for pyrethrin H 
if a small modification was used. The methods were applied to pyrethrum 
extracts confirming the results. The presence of extraneous volatile acids 
was confirmed but found not to interfere with the accuracy of the results 
by either method. ' R. E. s. 


BIOCHEMISTRY 

GENERAL BIOCHEMISTRY 

Vitamin A Cobalt Complex. E. L. Rickes, N. G. Brink, F. R. 
K 0 n i u s z y," T. R, Wood and K. F o 1 k e r s. (Science, 1948, 108, 134.) 
Vitamin B,. appears to be a cobalt co-ordination complex which, having six 
groups about the cobalt atom, could involve one or more organic moieties. 
The presence of cobalt is siguificant in view of the many biological studies 
which have shown it to be an essential trace element in nutrition. The 
coballous ion (1 j^ig./ml.) was without activity for L. lactis as contrasted 
with the high potency of B,. (0-000013 jug./ml., half maximum growth). 
Spectrographic examination of B,. showed the presence of phosphorus; 
nitrogen was present but tests for sulphur were negative. Microbiological 
assay of an aqueous solution at Bj, (74(«g./0-5 ml.) showed that autoclaving 
for 15 minutes at 121°C., did not change the activity within the experimental 
error of 11-4 x 10' i 0-6 x 10' ji/mg. Vitamin B,- in 0-.015N sodium 
hydroxide solution (0-2 ^g./ml.) was inactivated (microbiological assay) at 
room temperature as follows: 20 per cent. (0-67 hr.), 45 per cent (6 hr.), 
90 per cent (23 hr.), 95 per cent. (95 hr.); it was inactivated in O-OIN 
hydrochloric acid solution (10 pg./ml.) as follows; 18 per cent (3 hr). 
15 per cent. (23 hr.), 89 per cent. (95 hr.). r. e. s. 


BIOCHEMICAL ANALYSIS 

MyMcsin in Body Fluids and Tissues, Determination of. E. Titus 
• u lick and A. P. Richardson. (7. Pharmacol., 1948, 93, 129.) 
Wo procedures are described. The more useful of these, which is generally 
pphcable to plasma and urine, depends on the fact that under proper 
ndiuons phenolic ethers can be made to couple with the more reactive 
^azonvnm compounds. A less sensitive method for plasma dSe^inations 

wtr! of the glycerin side chain to formaldehyde’ 

htch may then be determined colorimetrically with chromotropic acid- it’ 
gives results in agreement with tv.p. ^ ""juioiropic acid, jt 

bfcement with the coupling procedure. Determination of 
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plasma levels after intravenous injections into normal dogs of doses of 50 
and 100 mg. /kg. shows that the compound rapidly disappears from the blood 
stream. The total amount of myanesin excreted in the urine was in no case 
more than 2 per cent, of the original dose; it would appear that the drug is 
distributed throughout the body water. s. l. w. 

Stilbcestrol, Hexcestrol and their Glucuronides in Urine, Colorimetric Esti- 
mation of. F. H. M a Ip r e s s. (Biochem. L, 1948, 43, 132.) Methods of 
preliminary extraction are described which enaFle estimations of these 
CEstrogens and their glucuronides in urine to be made, using the nitration 
method of Malpress. Detailed methods of extraction are given for free 
stilbcEstrol and hexcestrol and for their monoglucuronides in cow’s urine ; 
modifications necessary for similar extractions from human urine are also 
described. It was found that hydrolysis of the urine resulted in destruction 
of added glucuronide and it was therefore essential to prepare extracts of 
urines before hydrolysing ; traces of peroxide if present in ether used for 
extraction also reduced the recoveries of the cestrogens. Using the processes 
described, recoveries ranging from 66 to 79 (mean 70) per cent, were obtained 
for known amounts of stilbcestrol added to cow’s urine, and from 52 to 64 
(mean 60) per cent, for known amounts of stUboestrol glucuronide; recoveries 
from human urine gave mean values of 80 and 63 per cent, for the free 
and conjugated forms respectively. The comparatively low recoveries of 
the glucuronide were due to the decomposition during hydrolysis. With 
hexcestrol recoveries of 70 per cent, of free oestrogen and 74 per cent, of 
hexcestrol glucuronide were obtained from cow’s urine ; for human urine 
the recovery was 85 per cent, for both free and combined forms. Volumes 
of urine used for estimation should contain from 0-5 to 2-0 mg. of oestrogen. 
Blank values for the free oestrogen process using cow’s urine fell normally 
within the range 0-05 to 0-2 mg. of oestrogen/ 100 ml. of urine, although 
occasionally these values were greatly exceeded, blanks of 2 mg. being 
obtained. Blank measurements for the corresponding conjugated-oestrogen 
method were invariably low and of the order of 0-05 to 0-2 mg. of oestrogen/ 
100 ml. of urine. The values given by the simplified modification applicable 
to human urine were less than 0-05 mg. of oestrogen for the free process, 
and less than 0T5 mg. of oestrogen for the conjugated form, from 100 ml. 
of urine. ®- 

Streptomycin in Tissues and Urine, Chemical Determination of. V. C. 

J e 1 i n e k and G. E. Boxer. (/. biol. Chem., 1948, 175, 367.) The pre- 
viously reported method of estimation of streptomycin by determining the 
fluorescence of its acridyl hydrazone has been extended to permit the estima- 
tion of streptomycin in body tissues and in urine. The various methods of 
determining streptomycin are compared and analytical details of the isolation 
and estimation of streptomycin in lung, brain, heart, liver and spleen tissue and 
in urine are given. The recoveries of known amounts of streptomycin added 
to urine and tissues are recorded; they varied considerably. Human urine 
containing from 2 to 50 pg./ml. gave results of 95± 6 per cent.; dog liver 
gave recoveries of 103 ± 14 per cent.; rabbit brain gave recoveries of 99 _ 

6 per cent. The lower limit of sensitivity was 2 ;ig./ml. of urine and 
2 ug./ml. of tissue. The method was found to be of value in the determination 
of streptomycin in urine and tissues following parenteral administration. 

R. H. S« 


Suramin in Plasma, Estimation of. 
Scott. (Biochem. J., 1948, 42, 574.) 

338 


J. C. Ga ge, F. L. R o se and M. 
A method for estimatinu suramin 



biochemistry— ANALYSIS 

m aqueous solution or in serum and .plasma is described, procedure 
depends on the colour change (deep red to pale yellow) observed when 

suramin is added to 2-p-dimethylaminostyryl-6-acetamidoqumoUne metho- , 

chloride. The corresponding change in absorption is from W 4^5 ma to 
A=.x 450 mp for the two colour bands, with the greatest difference between 
the two curs’es at 505 mg. Plasma proteins do not interfere with the sur^in 
reaction and the concentration of the drug in plasma may be determined by 
comparing the optical density of the dye solution (at 505 mp), to which has 
been added diluted plasma (in sufficient 0-9 per cent, sodium chloride solution 
to prevent globulin precipitation), with that of the dye 'solution without 
suramin. Satisfactory results were also obtained using an absorptiometer 
with an Ilford 603 blue-green filter. The procedure yields similar results 
to those obtained using the hydrolysis method followed by diazotisation 
and coupling with methyl-a-naphthylamine. The hydrolysis products of 
suramin have been investigated and the specificity of the method is discussed. 

r» TT o 


CHEMOTHERAPY 


Diencestrol and Hexoestrol, Tetra-alkyl Substituted Analogues of. J. B. 
Niederl and P. Weiss. (J. Amer. chem. Soc., 1948, 70, 2894.) By con- 
version of the phenols, p-xylenol, thymol and carvacrol into the correspond- 
ing 2; 5-dialkyl-4-hydroxypropiopheaone, tetra-alkyl analogues of diencestrol 
and hexoestrol were prepared. The tetra-alkylated hexcestrols derived from 
thlTOot and carvacrol showed only feeble oestrogenic activity when injected 
subcutaneously in oily solution into ovariectomized rats. The compound 
derived from p-xylenol, 3 ; 4-bis{2' : 5''dimethyl-4'-hydroxyphenyl)-hexane, in 
contrast, gave positive cestrus response in all the rats at 50 and at 5 pg. dose 
levels and in most of the rats at 2 and 1 pg. dose levels thus comparing 
favourably with its dimethyl analogue, 3 : 4-bi5-(5'-methyl-4'-hydroxy-phenyl)- 
hexane prepared from o-cresol. F. H. 


Sulphones : Studies in the Chemotherapy of Tuberculosis. E. Ho g g a r t h 
and A. Martin. (Brit. J. Pharmacol, 1948, 3, 146.) The testing of 
a large number of sulphones and related sulphonates and sulphonamides 
against M. tuberculosis in vitro is recorded. On the basis of high in vitro 
activity ten new compounds were selected for therapeutic tests on mice. 
Therapeutic activity was found with 4:4 diaminodiphenylsulphone and 
with 2:4' diamino-5-thiazylphenylsuIphone, but no activity was observed with 
any of the others. Therapeutic tests in mice show that high in vitro activity' 
does not necessarily lead to activity in vivo, s. L. w. 


Thiohydantoins and Thioiraidazoles. M. Jackman, M. K 1 e n k 

1^48, 70, 2884.) As it had previously been shown that 2-thiohydantoii! 
possessed half and 2-tbioimidazole one and a half times the anti-thv'roid 
activity of 2-thiouracil, and that enhancement of activity occurs on substitu- 
-'^’ouracil, a series of 5-alkyl-2-thiohydantoins and 4-alkvl-2- 

5“ B found St sut 

5-position did not result m any significant increase in the Ltl 

m 2-thioimidazoIe series, sufastitutior 

active the activity, 4-n-propyl-2-thioimida2oIe, the mos 

«ok »d ,b.u. ainS'SS .'SuS? “ 
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PHARMACY 

DISPENSING 

Oils and Fats, Sterilisation of. J. Kessler. (Pharin. Acta Helvet., 
1948, 23, 387.) Oils and fats cannot be sterilised either in free steam or 
in the autoclave. Dry heating (90 minutes at 160°C.) is satisfactory. 

G. M. 

Sterilisation Technique, EfiBciency of. O. B a n g and A. T. D a 1 s g a a r d. 
(Arch. Pharm. Chemi., 1948, 55, 699.) For testing the efficacy of various 
methods of sterilisation, the authors used garden soil. This material required 
at least 20 minutes at 120“C. to produce complete sterility. The results of the 
tests showed that in 61 per cent, w/w alcohol, heating at 100°C, for at least 
1 hour in a sealed container was necessary for complete sterilisation. When 
suspended in oil, the dry heating required was at least 10 hours at 140°C., 3 
hours at 160°C., or 1 hour at 180°C. The alcohol method may be applied 
to the sterilisation of procaine hydrochloride and of boric acid in powder, 
also td laminaria. In the latter case the material is kept under 61 per cent, 
alcohol for 24 hours to extract soluble salts, then transferred to tubes, 
covered with the diluted alcohol, and closed with cotton wool and a loosely 
screwed-on lid. After 1 hour in flowing steam, the alcohol is removed and 
the tubes are dried at 105°C. G. M. 

PHARMACOLOGY AND THERAPEUTICS 

Conessinc, fsoConessine and nco Conessine, Pharmacological Properties ot. 
R. P. Stephenson, (firit. J. Pharmacol, 1948, 3, 237.) Conessine, an 
alkaloid obtained from the bark and seeds of Holarrhena antidysenterica, 
and its isomers, ijoconessine and neoconessine (prepared by treating conessine 
with sulphuric acid) possess properties very similar to those of quinine and 
quinidine; in doses, however, in which quinine was active as an antimalarial, 
conessine and its isomers showed no similar activity. When tested by intra- 
cutaneous injection into guinea-pigs connessine and its isomers were shown 
to possess marked local anaesthetic potency, conessine being about twice as 
active as cocaine, /joconessine about 50 per cent, stronger than cocaine, and 
neoconessine being about equal to cocaine. The relative local anesthetic 
potencies of conessine and its isomers and of cocaine, quinidine and pro- 
caine are very similar to their related activities in depressing the action of 
acetylcholine on the frog rectus muscle. This is a further addition to the 
evidence that the action of acetylcholine is concerned with the sensation of 
pain. Conessine also resembles quinidine in diminishing the action of acetyl- 
choline on the isolated intestine, the rabbit auricle, the frog rectus and on 
denervated mammalian muscle, and in lengthening the refractory period of 
cardiac tissue, and the effect of vagal stimulation on the heart in the antesthet- 
ised rabbit is temporarily abolished by conessine as by quinidine. 

s. L. w. 

Dimercaprol (B.A.L.), Effect of Environmental Temperature on. F. F. 
McDonald. {Brit. J. Pharmacol, 1948, 3, 116.) Variations of 15 
to 85 per cent, in mortality occurred in groups of rats used as standard 
controls in assaying samples of dimercaprol. So wide a difference in 
response was greater than would be expected by chance and some other 
external factor was suspected of contributing to the toxic effects of dimer- 
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caprol. Temperature being the greatest variant to which the rats were 
subjected, experiments were conducted to see if this affected the mortahty o 
rats caused by a standard dose of dimercaprol. Rats injected intramuscidarly 
with 140 mg./kg. of Oxford Standard B.A.L. were kept in thermostaticaUy 
controlled chambers at temperatures varying from 39°F. to 84°F. for 7- 
hours after injection. The results ‘ showed a quite remarkable effect of 
temperature on toxicity, the mortality rate varying from 20 to 100 per cent., 
with a minimum mortality at 63 °F. Rats used for assays should therefore 
be kept at an even temperature or in a thermostatically controlled room if 
possible, and no estimation of the relative toxicity of samples should be 
made without reference to the results obtained frotn a dose of a standard 
preparation given at the same time. If propylene glycol is used as a vehicle 
for injection, the required amount should be distilled off on the same day. 

s. T.. w. 


Dimercaprol. (BA.L.) and its Glucoside, Effects of, in Acute Lead 
Poisoning. M. Weatherall. {Brit. J. Pharmacol., 1948, 3, 137.) In mice 
poisoned by repeated intraperitoneal injections of lead acetate the mortality 
was reduced slightly by dimercaprol and significantly by the glucoside, but it 
was difficult to produce lead poisoning suitable for experimental study in 
th«e animals. In suitable concentrations dimercaprol prevented the action 
of lead acetate on rabbit red blood cells in vitro. If it was added half or one 
hour after the lead acetate the effect was small and consisted chiefly in 
preventing the full effect of the lead, not of significantly reversing the estab- 
lished change in fragility. Mixtures of dimercaprol and plasma in certain 
proportions, and plasma from rabbits injected with dimercaprol, protected 
washed erythrocytes from the effect of lead acetate less than did equal 
amounts of dimercaprol or plasma alone. In rabbits poisoned by a single 
dose of lead acetate given by stomach tube dimercaprol and the glucoside 
each significantly decreased the subsequent anmmia and increased the copro- 
porphyrinuria. The mortality was apparently unaffected by dimercaprol but 
was reduced by the glucoside, though the number of rabbits was too small 
for the difference in mortality to be significant. The action in lead poisoning 
appears to be one of inactivating lead ions not yet taken up by cells, rather 
ffian of actually de-leading cells or altering the cell lead so as to prevent its 
fragility effect There is certainly no reversal of poisoning comparable to 
that seen with arsenicals. Clearly the drug prevents the acute haemolytic 
anaemia as long as it is available in the circulation, but on the other hand 
certain features of lead poisoning are enhanced, notably the coproporphyrin 
excretion and possibly the speed of the reticulocyte response. The available 
evidence does not warrant its use in clinical plumbism, but it would perhaps 
e premature to reject all dithiols as useless or dangerous. S. L. W. 


^^^^“h^venous, in the treatment of Aneemia. H. G. B. Slack and 
‘ ^ n k i n s o n. {Lancet, 1949, 256, 11,) A stable iron-sucrose prepara- 
ion suitable for intravenous administration was prepared as follows. Dissolve 
anhydrous ferric chloride 5.8 g. in distflled water 50 ml. on a water-bath at 
add sucrose 28 g. and heat until dissolved; dissolve anhydrous sodium 
rarbonate 1.8 g. and sodium hydroxide 5 g. in 25 ml. of water each; add the 
sodium If T chloride solution with stirring; add the 

or nm solution, stir for 15 minutes, filter into rubber-capped vials 

datf f autoclave for 20 minutes. After autoclaving, a clear 

Sc aHoom f with a pH of about 10.5, which reS 

at room temperature for at least 12 months. The solution contains 
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2 per cent, of iron and 200 mg. is therefore contained in 10 ml. The scheme 
of dosage adopted in the treatment of 60 cases of iron-deficiency anaemia 
was 25 mg. on the first day, 50 mg. on the second day, 100 mg. on the third, 
and 200 mg. on the fourth and subsequent days, the injections being given 
into the antecubital veins at the rate of about 2 ml. per minute; the treatment 
was usually complete in 10 out-patient visits. Reactions, if any, were mild. 
In almost all cases the hrematological and clinical responses were often as 
dramatic as those obtained when patients with pernicious anaemia in relapse 
receive adequate doses of a potent intramuscular liver extract, a reticulocyte 
peak of 10 to 18 per cent, developing within 7 to 10 days from the beginning 
of treatment. The calculated iron deficit given in this manner is utilised 
almost quantitatively and does not appear to require the addition of trace 
elements, ascorbic acid or folic acid. With a further 60 patients treated with 
a commercial iron-sucrose preparation there was no detectable difference in 
tolerance or response. s. l. w. 

Palndrine, Activation of. F. H a w k i n g and W. L. M. Perry. (Rr/7. 
J. Pharmacol., 1948, 3, 320.) Experiments with exo-erythrocytie forms of 
Plasmodium gallinaceum grown on tissue culture showed that paludrine in 
concentrations of 2 mg. /I. exerts no apparent antimalarial action on the 
parasites in vitro; similarly, a concentration of paludrine of 20 mg. /I. has no 
action in vitro on the endo-erythrocytic form of P. cynomolgi; these concen- 
trations are higher than those commonly reached in the blood during human 
therapy. If, however, paludrine has been previously exposed to the action of 
body cells, either by injecting it into a monkey or fowl and collecting the 
serum, or by incubating it with minced rat liver, it exerts marked antimalarial 
action, preventing the development of the parasites. These results suggest 
that paludrine itself is not active against plasmodia, but that it undergoes 
some chemical modification by the body or by liver which converts it into 
a compound with plasmodicidal activities. s. l. w 

Fbthioic Acid and Synthetic Analogues, Pathogenic Effect of. J. U n g a r, 
C. E. Coulthard and N. Dickinson. {Brit. J- exp. Path., WK 
29, 322.) A number of synthetic acids closely related chemically to phthioic 
acid were tested by intraperitoneal injection into the guinea-pigs. The doses 
given ranged from 10 to 200 mg. and the animals were examined at various 
intervals of time after the injection. One of the more active substances, 
3:12:15-trimethyldocosanoic acid, produced waxy deposits in various 
abdominal organs within 8 days of the injection of 25 mg., and white rounded 
nodules within 14 days. Intradermal injection produced erythema within 24 
hours and nodule formation within 3 days. The changes, were similar to 
those produced by an irritant foreign body of lipoid nature and often similar 
to those due to tubercular lesions. The pathogenic properties of the acids 
tested do not appear to be related to chemical structure. h. t. b. 

Posterior Pituitary Extract, Standardisation. Modification of Dale Md 
Laidlaw Method. P. H o 1 1 o n. (Brit. J. Pharmacol., 1948, 3, 328.) The Dale 
and Laidlaw method suffered from three defects, namely, that suitable guinea- 
pigs were relatively scarce, that the assay often required many hours, and that 
the error was about 20 per cent. Schild’s null hypothesis (J. Physiol., 

101, 115) was applied to an assay employing a modification of the Dale and 
Laidlaw method. A rat’s uterus was used as the test preparation, since rats 
are cheaper and more easily obtained. One assay is described, and the 

[Continued on p 
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THE BRITISH PHARMACOPCEIA 1948 
SOME OBSERVATIONS ON THE TESTS FOR PURITY 


By H. Baggesgaard-Rasmussen. 

Professor of Organic Chemistry in the Danish Pharmaceutical College, Copenhagen 
Member of the Danish Pharmacopasia Commission 


Lv the official tests for degree of purity, and the methods of assay for chemi- 
cals, the new British Pharmacopceia shows remarkable progress when 
compared to the previous one (1932). Throughout the book the formulation 
is more precise, the tests are more comprehensive, and frequently more 
rational; and many new methods have been introduced. 

Determination of melting-points . — The technique the capillary method 
is that generally described in modern pharmacopoeias, and is completely 
identical with the method used in the Pharmacopoeia of 1932. The melting 
temperatures may be regarded as corrected temperatures consistent with the 
technique employed. On the other hand the definition, viz. ; The tempera- 
ture at which liquefaction of the substance occurs; this is indicated by the 
formation of a definite meniscus, may be subject to criticism, because it is 
expressed by a single temperature and not by a range between two tempera- 
tures. In general, commercial products are rarely of such purity that their 
melting-points are sharply defined; usually the melting-range extends over 
one or two degrees. The United States Pharmacopoeia uses the term melting- 
range or melting-temperature, which is thus defined “The temperature at 
which the column of the sample (in the capillary tube) is observed to collapse 
definitely against the side of the tube at any point is defined as the beginning 
of melting, and the temperature at which the sample becomes liquid through- 
out is defined as the end of the melting.” Many other Pharmacopoeias (e.g. 
Danish, Swiss, Swedish) give a similar definition. 

Determination of boiling-points . — ^Both the apparatus used in the deter- 
mination of the boiling-point and the procedure are described in detail, as 
in the Pharmacopreia of 1932. The method is the conventional one, as em- 
ployed in, e.g. the test for oUs, and it is well known that this gives reproducible 
results, although the use of a cylindrical flask as described respectively in the 
Swiss and the new Danish Pharmacopoeias is more rational.^’- It is a disad- 


vantage that the procedure demands a large quantity of the substance, 100 ml. 
In most cases the procedure is employed to decide the character of mixtures 
of compounds as, for instance, creosote and cresol. It would have been 


an advantage if the technique m the determination of substances with low 
boiling-point as e.g cyclopropane (- 34.5 °C.) and ethyl chloride (about 
■b 12'5'C.) had been described in detail. 

The determination of the boiling-point in the manner described can scarcely 
be regarded as a practical test for identity and such a test might be useful in 
roany cases, e.g. amphetamine. A number of methods requiring small quan- 
nties only and giving reproducible results are avaUable for that purpose; the 
method described by Siwoloboff,^ and modifications,* may be mentioned. 
ieor!!‘ cjilorides—la practically every relevant instance the limit 

em-. „ vague expressions such as “no opales- 

immediately ” have not been completely eliminated. The limit 

to hisSed°f J to be tested; 

inis IS added 1 ml. of nitric acid and a solution of silver nitrate fN/inv 

the mixture is stirred with a glass rod. and the observa “ 'iScSo” 
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2 per cent, of iron and 200 mg. is therefore contained in 10 mi. The scheme 
of dosage adopted in the treatment of 60 cases of iron-deficiency an$mia 
was 25 mg. on the first day, 50 mg. on the second day, 100 mg. on the third, 
and 200 mg. on the fourth and subsequent days, the injections being given 
into the antecubital veins at the rate of about 2 ml. per minute; the treatment 
was usually complete in 10 out-patient visits. Reactions, if any, were mild. 
In almost all cases the hsematological and clinical responses were often as 
dramatic as those obtained when patients with pernicious anaemia in relapse 
receive adequate doses of a potent intramuscular liver extract, a reticulocyte 
peak of 10 to 18 per cent, developing within 7 to 10 days from the beginning 
of treatment. The calculated iron deficit given in this manner is utilised 
almost quantitatively and does not appear to require the addition of trace 
elements, ascorbic acid or folic acid. With a further 60 patients treated with 
a commercial iron-sucrose preparation there was no detectable difference in 
tolerance or response. s. l. w. 

Paludrine, Activation of. F. H a w k i n g and W. L. M. P e r r y. (Bril. 
J. Pharmacol., 1948, 3, 320.) Experiments with exo-erythrocytic forms of 
Plasmodium gallinaceum grown on tissue culture showed that paludrine in 
concentrations of 2 mg. /I. exerts no apparent antimalarial action on the 
parasites in vitro; similarly, a concentration of paludrine of 20 mg./l. has no 
action in vitro on the endo-erythrocytic form of P. cynomolgi; these concen- 
trations are higher than those commonly reached in the blood during human 
therapy. If, however, paludrine has been previously exposed to the action of 
body cells, either by injecting it into a monkey or fowl and collecting the 
serum, or by incubating it with minced rat liver, it exerts marked antimalarial 
action, preventing the development of the parasites. These results suggest 
that paludrine itself is not active against plasmodia, but that it undergoes 
some chemical modification by the body or by liver which converts it into 
a compound with plasmodicidal activities. s. l w 

Phthioic Add and Synthetic Analogues, Pathogenic Effect of. J. U n g a r, 
C. E. Coulthard and N. Dickinson. (Brit. J. exp. Path., 19^, 
29, 322.) A number of synthetic acids closely related chemically to phthioic 
acid were tested by intraperitoneal injection into the guinea-pigs. The doses 
given ranged from 10 to 200 mg. and the animals were examined at various 
intervals of time after the injection. One of the more active substances, 
3;12:15-trimethyldocosanoic acid, produced waxy deposits in various 
abdominal organs within 8 days of the injection of 25 mg., and white rounded 
nodules within 14 days. Intradermal injection produced erythema within 24 
hours and nodule formation within 3 days. The changes, were similar to 
those produced by an irritant foreign body of lipoid nature and often similar 
to those due to tubercular lesions. The pathogenic properties of the acids 
tested do not appear to be related to chemical structure. h. t. b. 

Posterior Pituitary Extract, Standardisation. Modification of Dale and 
Laidlaw Method. P. H o 1 1 o n. (Brit. J. Pharmacol.. 1948, 3, 328.) The Dale 
and Laidlaw method suffered from three defects, namely, that suitable Sumea- 
pigs were relatively scarce, that the assay often required many hours, and that 
the error was about 20 per cent. Schild’s null hypothesis (/. Physiol., 

101, 115) was applied to an assay employing a modification of the Dale and 
Laidlaw method. A rat’s uterus was used as the test preparation, since rats 
are cheaper and more easily obtained. One assay is described, and the 

[Continued on p. 347 
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THE BRITISH PHARMACOPCEIA 1948 
SOME OBSERVATIONS ON THE TESTS FOR PURTTY 


By H. B.^wGGESGAakd-Rasmussen. 

Professor of Organic Chemistry in the Danish Pharmaceutical College, Copenhagen 
Member of the Danish Pharmacopeia Commission 


Is the official tests for degree of purity’, and the methods of assay for chemi- 
cals, the new British Pharmacopceia shows remarkable progress wnen 
compared to the previous one (1932). Throughout the book the forrnu a on 
is more precise, the tests are more comprehensive, and frequently more 
rational; and many new methods have been introduced. 

Determination of melting-points . — The technique — the capillary method— 
is that generally described in modern pharmacopceias, and is completely 
identical with the method used in the Pharmacopceia of 1932. The rnelting 
temperatures may be regarded as corrected temperatures consistent with the 
technique employed. On the other hand the definition, viz.; The tempera- 
ture at which liquefaction of the substance occurs; this is indicated by the 
formation of a definite meniscus, may be subject to criticism, because it is 
expressed by a single temperature and' not by a range between two tempera- 
tures. In general, commercial products are rarely of such purity that their 
melting-points are sharply defined; usually the melting-range extends over 
one or two degrees. The United States Pharmacopceia uses the term melting- 
range or melting-temperature, which is thus defined “ The temperature at 
which the column of the sample (in the capillary tube) is observed to collapse 
definitely against the side of the tube at any point is defined as the beginning 
of melting, and the temperature at which the sample becomes liquid through- 
out is defined as the end of the melting." Many other Pharmacopceias (e.g. 
Danish, Swiss, Swedish) give a similar definition. 

Determination of boiling-points . — Both the apparatus used in the deter- 
mination of the boiling-point and the procedure are described in detail, as 
in the Pharmacopoeia of 1932. The method is the conventional one, as em- 
ployed in, e.g. the test for oils, and it is well known that this gives reproducible 
results, although the use of a cylindrical flask as described respectively in the 
Swiss and the new Danish Pharmacopoeias is more rational.^’- It is a disad- 
vantage that the procedure demands a large quantity of the substance, 100 ml. 
In most cases the procedure is employed to decide the character of mixtures 
of compounds as, for instance, creosote and cresol. It would have been 
an advantage if the technique in the determination of substances with low 
boiling-point as e.g cyclopropane (- 34.5 °C.) and ethyl chloride (about 
-f 12-5 °C.) had been described in detail. 


The determination of the boiling-point in the manner described can scarcely 
be regarded as a practical test for identity and such a test miaht be useful in 
many cases, e.g. amphetamine. A number of methods requirina smaU quan- 
uties only and giving reproducible results are available for that" purpose- the 
method described by Siwoloboff,^ and modifications,^ may be mentioned 

practicaUy every relevant instance the limit 
'=Wonde IS used; although vague expressions such as ‘'no opales- 
test is completely eliminated. Thermit 

to th s B aTdcd°f m? tested; 

thc mixture k ^ solution of silver nitrate (N/10)- then 

the mixture is stirred with a glass rod, and the observation of the rclctiS 
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is made 5 minutes later. The opalescence produced is compared to a standard 
opalescence, equivalent to 0-355 mg. Cl - /50 ml. (0-071 mg. Cl - /ml.). 

The limit test for chlorides has been carefully investigated by Thorn^ and 
by Reimers and Gottlieb®. The results of these investigations may be sum- 
marised as follows. The opalescence produced by minute quantities of 
chloride is in inverse ratio to the speed at which the reagent and the test 
solution are mixed together. Thus rapid mixing does not lead to the maxi- 
mum sensibility, but gives the most reproducible results. If the reagent is 
added without shaking, it will give the maximum of sensibility, but with poor 
reproducibility. For instance the opalescence produced when the solution 
of silver nitrate is added to the solution to be tested and the liquid shaken 
after 1 minute, is about 3 times more intense than that produced after rapid 
mixing. The procedure as set out in the B.P. gives good reproducible results. 

Limit test for sulphates . — The test for sulphates is a simple one. Dissolve 
the substance in water and transfer to a Nessler glass; add hydrochloric acid; 
dilute to 50 ml. with water, and add 1 ml. of solution of barium chloride. 
Stir immediately with a glass rod and set aside for 5 minutes. The turbidity 
produced is then compared to a standard turbidity equivalent to 2-4 mg. of 
SO 4 / 5 O ml. (0-048 mg. /ml.). The conditions here are not quite so simple as 
in the limit test for chlorides. Thorn- and Reimers and Gottlieb® have 
proved that to obtain good reproducibility, it is necessary for the solution 
to contain a minute quantity of scarcely visible crystals of barium sulphate. 
Actually the solubility of barium sulphate increases with the decrease in size 
of the particles owing to the greater surface energy of the small particles. 
The precipitation of barium sulphate from very dilute sulphate solutions 
must commence with the formation of microcrystals, the solubility of which 
may be as much as 1000 times greater than that of large barium sulphate 
crystals. The precipitation will be markedly inhibited unless the test is 
carried out with a reagent containing barium sulphate to induce the precipi- 
tation in the test sample. The Danish Pharmacopoeia describes the use of 
such a seeding reagent — the same quantities of sulphate in the test and in the 
standard turbidity — the concentration of which is chosen so that the precipi- 
tation is rapidly completed. The application of the seeding reagent results 
in both an increased sensibility and an increased reproducibility. The simple 
method of the B.P. cannot be said to lead to exact reproducible results. 

Limit test for iron . — ^The limit test for iron is now carried out with thio- 
glycollic acid in a solution containing citric acid to produce complex com- 
pounds with other cations, and an excess of ammonia to make the solution 
alkaline. In the presence of iron a pinkish-violet colour is produced. This 
is a notable improvement on the thiocyanate method formerly employed. 
Woods and Mellon® state that the thiocyanate method in general is inferior 
to several other methods, especially those using o-phenanthroline, and 
aa- dipyridyl or thioglycollic acid. 

Thiogycollic acid as a reagent for iron was first proposed by Andr^ch'® 
and has subsequently been investigated by others, of whom Swank and 
Mellon^^ state that the thioglycollic acid method is remarkably free from the 
influence of other common anions, many of which must be entirely absent 
in other colorimetric methods. The following ions, in concentrations of 
500 mg ./ 100 ml. of solution, had no effect on the colour: — fluoride, iodide, 
nitrate, orthophosphate, sulphate, chlorate, tartrate, oxalate, citrate, acetate, 
bromide, thiocyanate, sulphite, and chloride; 250 mg. of boron trioxidc, 
present as tetraborate ion, also has no effect. Pyrophosphate ion when pre- 
sent in an amount equivalent to 500 mg. of phosphorus pentoxide decreases 
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the colour intensity by about 8 per cent., but 200 to 300 ing. can be p^sent 
without serious error. Cyanide ion interferes seriously and must be absent. 
The lack of interference by nearly all anions and the reproducabihty Md 
sensitivity of the colour reaction makes the method superior to various 
colorimetric determinations of iron. The procedure is just M ^ ^ ® 

thiocyanate metliod. The standard colour is equivalent to 0'04- mg. re/M) 


ml. (0-0008 mg. /ml.) 

Reaction.— For the determination of the reaction of a solution various 
indicators are used. It is not quite clear what intervals in the pH scale are 
covered by the designations, strongly acid, weakly acid, neutral, weakly 
alkalme, and strongly alkaline. Many pharmacopceias use similar terms to 
describe defined intervals of the pH scale. In many cases it would be more 
decisive to determine the pH value, or the interval between two pH values 
as a means of characterising the degree of purity. As the B.P. gives a full 
description of the colorimetric determination of pH values and the^ standard 
buffer solutions for preparing solutions with pH T2 to 10-0 such an indication 
ought easily have been inserted more generally and more consistently. It 
must be regarded as a disadvantage that no test for the sensitivity of litmus 
paper is given, because the commercial grades of litmus paper vary 
considerably in this respect. The U.S.P. and the new Danish Pharmacopoeia 
have specified tests, both for sensitivity and for the content of buffer sub- 
stances in the paper. 

Limit test^ for metals— The limit tests for lead and arsenic do not differ 
much from the previous Pharmacopoeia. The expression of the limits in 
parts per million might well be introduced more generally into other Pharma- 
copoeias. For lead the diphenylthiocarbazone method is used in some cases. 
It must be regarded as an advance that the B.P. specifies the tests for various 
individual metals (e.g. copper, zinc) and only in a very few cases uses the 
general term “ heavy metals,” which is used in some other Pharmacopoeias, 


®-g. m the Danish, Swedish, Swiss, and U.S.P. 

test for arsenic takes the form used in the British Empire and U.S., 
while the modern continental Pharmacopoeias use the hypophosphite test, 
which is simpler in technique and equally accurate. 

Readily carbanisable substances . — The deletion of the test for readily car- 
bonisable substances is comprehensible in a country where supplies are 
generally of great purity. One thing is certain, that, if the test is to be of any 
value, it is essential to have a series of matching fluids at one’s disposal as 
given in the U.S.P. and in the new Danish Pharmacopoeia. In the latter, the 
matching fluids are used not only in this test but generally to determine the 
colour of many faintly tinted solutions, also for some colorimetric determina- 
hons, for instance morphine in codeine and papaverine and for the colori- 
metric determination of the concentration of adrenaline in solutions. 

As an exception, the B.P. includes a test for carbonisable substances in 
iqmd paraffin and similar products. In these cases the colour which is 
prwuced m sulphuric add, after shaking with the paraffin, is measured 
y means of standardised coloured glasses in accordance with the system of 
colour m^surement adopted at the National Physical Laboratory, Tedding- 
® j advantageously be used instead of 

carbonisable 

Ranees and also for other approximate colorimetric measurements 

^ “^^"‘‘fication and purity must be said to meet all reasonable 
demands, a comment equally applicable to the assavs. The tests for 
™ b„. .de,„a„ for p„cto, purpo,/!! to 
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pounds of sufficient purity. As a large number of new substances have been 
included a few of the tests and assays will be mentioned. 

Ultraviolet absorption . — ^The absorption of ultraviolet light as a test cover- 
ing both purity and identity has been included for the following substances ; 
ascorbic acid, ethisterone, calciferol, diencestrol, oestrone, progesterone, and 
the following drugs containing vitamin A: halibut-liver oil, concentrated 
solution of vitamin A, concentrated solution of vitamins A and D, and cod- 
liver oil. The extinction coefficient is referred to a 1 per cent, w/v solution 
and indicated for a given wave-length. For the practical purpose to which 
it is here applied this indication is more suitable than the molecular extinc- 
tion coefficient. In some cases it might have been of value to give the absorp- 
tion not only in the maximum but also in the minimum of the extinction 
curve. 

The identification of substances which are so expensive that only small 
amounts are available are carried out by melting-point determinations on the 
pure substances or simple derivatives of them, these tests likewise are satis- 
factory. Among the more modern tests for identification the cyanogen 
bromide test for nicotinic acid and nicotinamide may be mentioned. For the 
determination of iodine ion the titration using potassium iodate in presence 
of potassium cyanide is used; this is an easy and reliable method, which is 
used also for determination of iodide in iodoxyl after hydrogenation with 
zinc dust and glacial acetic acid and in iodophthaleim after destruction by 
heating with anhydrous sodium carbonate. For the determination of iodine 
in thyroid the powder is heated with sodium carbonate and the iodine ion 
oxidised to iodate and titrated in the usual way. 

For the qualitative test for organically bound chlorine reduction by sodium 
and amyl alcohol and subsequent titration of the chloride ion formed has 
been substituted; a more rational method than the old one. This test is used 
for benzoic acid, benzaldehyde, mandelic acid and its calcium salt, and 
vinyl ether. 

For the determination of the content of bismuth in bismuth salts the old 
method of ignition is used in several cases, but in some the determination of 
bismuth as bismuth phosphate is used. This latter procedure is an excellent 
method and might have been adopted more widely, especially for the sali- 
cylate and subgallate, in both of which cases the ignition is protracted. 

The assay of organic compounds, which cannot be titrated, in many 
cases proves difficult In some cases the determination of the content of nitro- 
gen solves the problem. This method might also advantageously have been 
used for barbitone. For hexabarbitone and the sodium salt the determination 
of the double bond in the same way as the iodine value would have been 
a good assay. 

The determination of alkaloids in alkaloidal salts has been discussed by 
van Os^2. Here it should be sufficient to mention that the principle of weigh- 
ing or titration of the base is always used in the B.P. and this is the rational 
way, although other pharmacopoeias use only the determination of the anion. 

The titrations with titanous chloride for some chemicals (menaphthone, 
methylene blue, crystal violet) are good. 

For the determination of theobromine the excellent method of methylating 
and weighing the caffeine formed is used. For methylthiouracil no really 
satisfactory test for identification has been given, as the assay mentioned is 
inadequate for identification. 

The Pharmacopoeia contains a large number of Appendices which seem 
to be comprehensive and very satisfactory. Appendix I gives a list of 
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materials and solutions employed in. tests, these describe the u^al reagents, 
with a complete description of tests for identification ^’^*7 , 

The solutions of reagents are also listed. It is regrettable that the respec- 
tive concentrations are not given in simple molarity, but always in 
This is an unpractical and old-fashioned way. At least the concen 
of commonly used acids, bases, and some salts ought to be ^ 

molarity as is the case in e.g. the Danish, Netherlands, Swedish, and wiss 
Pharmacopoeias, but, strangely enough, not in the U.S.P. j • ,1, 

Appendix V, qualitative reactions and tests for substances mentioned in the 
Pharmacopoeia, gives briefly but exhaustively most of the common identity 
tests. 

The form of the individual monographs is clear, practical and weU 
arranged, and all in all, the new Pharmacopoeia is a great improvement on 
the previous one. 
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ABSTRACTS {continued from page 342) 
results calculated by SchUd’s method. Eight satisfactory' assays were per- 
formed and the mean percentage error was 2-16. Fiducial linuts for the esti- 
mate of potency were calculated and were found to be about half the value 
for the original Dale and Laidlaw method. The mean experimental time for 
an assay was 3-1 hours. s. l. w. 


Snlphaguanidine, Absorption of. M. R F a b r e, M. T. R e g n i e r and 
M. E. Grasse t. {Ann. pharm. Franc., 1948, 6, 205.) The method of 
mvestigation previously applied to the absorption of sulphanilamide has 
been extended to sulphaguamdine. After a feed nch in fats dogs were 
anffisthetised with somnifen and a sample of chyle was collected by catheter. 
A dose of 5 g. of snlphaguanidine was then given into the stomach. The 
^’le and blood was examined at intervals for the presence of the drug. 
Ine results show that sulphaguanidme is absorbed more slowly than sulpha- 
nilamide. In the blood, the compound was first detected after 20 minutes 
a maximum after 6 hours. The maximum concentration in the 
mood was 2-2 mg./lOO ml., which compares with the figure of 10-5 mg /lOO ml 

fc. "S' 

5 hou« of. . a maximum of 1-9 mg./100 ml. at 

.x’ ^ ^ ^ mortem examination, no sulphaguanidine was recnvfrJ 

™ ‘""'"S'eTo iKSS 

G. M. 
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pounds of sufficient purity. As a large number of new substances have been 
included a few of the tests and assays will be mentioned. 

Ultraviolet absorption . — ^The absorption of ultraviolet light as a test cover- 
ing both purity and identity has been included for the following substances: 
ascorbic acid, ethisterone, calciferol, dienoestrol, oestrone, progesterone, and 
the following drugs containing vitamin A: halibut-liver oil, concentrated 
solution of vitamin A, concentrated solution of vitamins A and D, and cod- 
liver oil. The extinction coefficient is referred to a 1 per cent, w/v solution 
and indicated for a given wave-length. For the practical purpose to which 
it is here applied this indication is more suitable than the molecular extinc- 
tion coefficient. In some cases it might have been of value to give the absorp- 
tion not only in the maximum but also in the minimum of the extinction 
curve. 

The identification of substances which are so expensive that only small 
amounts are available are carried out by melting-point determinations on the 
pure substances or simple derivatives of them, these tests likewise are satis- 
factory. Among the more modern tests for identification the cyanogen 
bromide test for nicotinic acid and nicotinamide may be mentioned. For the 
determination of iodine ion the titration using potassium iodate in presence 
of potassium cyanide is used; this is an easy and reliable method, which is 
used also for determination of iodide in iodoxyl after hydrogenation with 
zinc dust and glacial acetic acid and in iodophthaleim after destruction by 
heating with anhydrous sodium carbonate. For the determination of iodine 
in thyroid the powder is heated with sodium carbonate and the iodine ion 
oxidised to iodate and titrated in the usual way. 

For the qualitative test for organically bound chlorine reduction by sodium 
and amyl alcohol and subsequent titration of the chloride ion formed has 
been substituted; a more rational method than the old one. This test is used 
for benzoic acid, benzaldehyde, mandelic acid and its calcium salt, and 
vinyl ether. 

For the determination of the content of bismuth in bismuth salts the old 
method of ignition is used in several cases, but in some the determination of 
bismuth as bismuth phosphate is used. This latter procedure is an excellent 
method and might have been adopted more widely, especially for the sali- 
cylate and subgallate, in both of which cases the ignition is protracted. 

The assay of organic compounds, which cannot be titrated, in rnany 
cases proves difficult In some cases the determination of the content of nitro- 
gen solves the problem. This method might also advantageously have been 
used for barbitone. For hexabarbitone and the sodium salt the determination 
of the double bond in the same way as the iodine value would have been 
a good assay. 

The determination of alkaloids in alkaloidal salts has been discussed by 
van Os^^. Here it should be sufficient to mention that the principle of weigh- 
ing or titration of the base is always used in the B.P. and this is the rational 
way, although other pharmacopoeias use only the determination of the amon. 

The titrations with titanous chloride for some chemicals (menaphthone, 
methylene blue, crystal violet) are good. 

For the determination of theobromine the excellent method of methylating 
and weighing the caffeine formed is used. For methylthiouracil no really 
satisfactory test for identification has been given, as the assay mentioned is 
inadequate for identification. 

The Pharmacopoeia contains a large number of Appendices wliicn seem 
to be comprehensive and very satisfactory. Appendix I gives a list ot 
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The asterisk {*) after the name of an article indicates that the information 
given is derived from the makers' publications. Further information regarding 
these articles may be obtained by application to the Editor. 

Alepsal* is a combination of phenobarbitone, caSeine and belladonna 
for use in the treatment of epilepsy. It is claimed that the drugs exert a 
synergistic effect and that this prolongs the action, enables the use^ of a 
smaller dosage of barbiturate, and permits of continuous treatment without 
risk of toxic reactions or depression of the mental and physical condition of 
the patient. Alepsal tablets are issued in three strengths ; Normal, contain- 
ing phenobarbitone 1.54 g., belladonna 0.31 g., and caffeine 0.38 g.; Medium, 
half these dosages; Weak, phenobarbitone 0.23 g , belladonna 0.046 g., and 
caffeine 0.057 g. The dosage for adults is 2 tablets of Normal strength twice 
daily, or 1 or 2 tablets of Medium strength for mild cases, with smaller doses 
of Weak strength for children. The tablets are iksued in tubes of 20 (Normal), 
30 (Medium) and 80 (Weak). S- L- W- 

Avloprodl* is a proprietary brand of procaine-penicillin oily injection, 
containing 300,000 units of penicillin and 120 mg. of procaine base in each 
ml. It is claimed that following a single intramuscular injection of 1 ml. 
effective blood levels can be demonstrated for IS to 24 hours. The indications 
are the same as for penicillin oU-and-beeswax preparations, and it is thus 
of value in all infective conditions where maintained levels of penicillin in the 
blood are required, and where frequent injections are undesirable or incon- 
venient. It is of particular value in the out-patient treatment of gonorrhoea 
by single injection. A single intramuscular injection of 1 ml. (300,000 units) 
is given every 24 hours, but for severe infections 2 ml. may be necessary. 
In the treatment of syphilis a course of 1 or 2 ml. daily for 7 or 8 days is 
given either alone or in conjunction with arsenic or bismuth or both. Under 
normal storage conditions it retains its potency for at least 12 months. It is 
issued in single vials containing 10 ml., or in boxes of 5 vials containing 

s. L. w. 

Cresatin* is the acetic ester of metacresol, and has antiseptic, fungicidal 
and analgesic properties. Its low volatility and oily character cause it to 
adhere to tissue surfaces, thus providing prolonged action. It is used in 
infections of the nose, throat and ear, and has been found of value in the 
treatment of nngworm of the feet; it may also be used in dental practice in 
the treatment of infected root canals and sockets. In most conditions it 
rnay be used undiluted, except when applied in the form of a saturated 
absorbent cotton packing to the auditory canal when it should be diluted 
wiUi 3 or 4 parts, of warm olive oil. It is supplied in 1-oz. bottles. 


O. 

Cryrtodigin* is a brand of cry-stalline digitoxin, 1 mg. producing the same 
enect by mouth as 1 g. of digitahs. The indications are the same as those 
or digitalis, ite ^eatest value being exhibited in congestive heart failure 
orodi” fibrillation, and auricular flutter. Rapid digitalisation may be' 

hour^ m Ss"" Thf 0 ?°"; ^ f established within 6 

adSmem ofJs lr' ^ - ""S- daily, though individual 

ajustment ot this dose may be necessary’, and may vary from 0-1 to 0-3 mcr 

^ily. For sloner digitalisation, daily doses of 0-2 to 0 6 m-^ for s™i‘ 

days arc admin.tercd. For patients who have recently rSlved St 

iContinued on pa^e 350 
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BOOK REVIEWS 


A MANUAL OF PHARMACOLOGY by Torald Sollman. 7th Edition, 
Pp. 1132 and Index. W. B. Saunders Company, London and Philadelphia 
1948, 57s. 6d. . , 

In pharmacology the present decade is one of “anti-drugs.” During 
recent years, pharmacologists and chemists have achieved astonishing results 
by the development of poisons which act selectively upon one species of living 
organism or upon one particular type of cell, enzyme or end-organ. The 
application of the principle of selective poisoning of species has given us 
new rodenticides, insecticides and weed-killers, the antibiotics, the anti- 
malarials, antrycide and other antimicrobials. In functional pharmacology, 
selective poisoning of certain types of cells, enzymes or end organs has 
given us antihistamine, antithyroid, anticholinesterase and curarising agents. 
In toxicology, application of an analogous principle has produced 
dimercaprol. The principle which has already been so successful in the 
above work is already being applied in cancer research, using the experience 
gained in these fields. It is perhaps a relief to realise that other types of 
work have also borne important fruit, such as pteroylglutamic acid, vitamin 
Bi 2 and dextran. 

Two editions of Sollman’s Manual of Pharmacology have appeared during 
this remarkable decade. The edition of 1942 has already established itself, 
like its predecessors, as a book in which a busy doctor, teacher or research 
worker may find either the pharmacological information he requires, or 
references to original papers in which to search further. The clear arrange- 
rhent of this book, its concentration on what is important and its com- 
prehensive system of references make it extremely useful as a source of 
information. The question naturally arises as to whether the seventh edition 
is as successful as its predecessors. 

Since the layout of the seventh edition closely follows that of the sixth, the 
question resolves itself into one of how far the new edition includes 
and assimilates the developments of the intervening years. It is astonishing 
to find, owing to the fast growth of pharmacology, that many of the sub- 
stances now occupying the minds of research workers and clinicians, such 
as aureoraycin, Chloromycetin and polymyxin among antibiotics, vitamin 
Bi 2 and its associated factors, CIO and antrycide, are necessarily omitted, 
owing to their discovery or development having come too late for inclusion 
in this edition. Researches published slightly earlier are, on the other hand, 
treated in the excellent way we have come to expect from Professor Sollman. 

For the English reader it is worth mentioning that, as is perhaps natural 
in an American textbook, attention tends to be concentrated on drugs likely 
to be of interest to the American reader. For example, chloroquine is given 
fifteen times as much space as proguanil (paludrine). Moreover, the reader 
is generally referred to the American literature, which may be more accessible 
in that continent. 

H. O. J. Collier. 
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NEW APPARATUS 

AN APPARATUS FOR SEMI-MICRO CRYSTALLISATION 
By W. C. Evans aito M. W. Partridge 
From the University of Nottingham 
Received March 16, 1949 

Repeated recrystaUisation of quantities of material of the order of 20 to 
40 mg. often presents a difficult problem. Application of the usual nucro- 
methods or of the co'hventional macro-methods, using small apparatus, 

frequently results in disappointing losses of 
material owing to premature crystallisation 
during filtration or to repeated transferences of 
small quantities of solutions or solids from 
vessel to vessel. We have found that an 
apparatus, consisting essentially of a crystallisa- 
tion vessel attached to a form of the Schwinger 
filter, is very' convenient for repeated and rapid 
crystallisations. The principle of the apparatus 
is somewhat similar to that of the BergkampP 
filter-beaker. 

' The apparatus, having the dimensions shown 
in the figure, is convenient for crystallisations 
from about 0-4 to 4 ml. of solvent. The sur- 
faces, which meet inside the rubber sleeves, are ground flat. Cell C is tared 
together with the filtering unit A, and the disc of hardened filter paper 
secured by the lower rubber sleeve. The crude reaction product is collected, 
washed and dried in cell C, sli^t positive. pressure being applied to B for 
rapid filtration. After weighing the product, the cell C and filtering unit 
are again attached to the crystallising vessel B and the thick-walled capillary 
tube is replaced by a plug of glass rod of the same dimensions. Most of the 
soUd is tapped down into B and dissolved in hot solvent; by tilting the 
apparatus, the hot solution is run to and fro into C to dissolve solid adhering 
to the sides. Cell C is then removed and the filtering unit is attached directly 
to the cry'stalKsing vessel. The solution is reheated for a short time to warm 
the whole apparatus and then filtered, under slight positive pressure, into 
a micro-beaker by turning the apparatus through 90°. If crj'stallisation 
occurs during filtration, the crystals are easily dissolved in more hot solvent 
run to and fro from B and then filtered into the bulk of the solution. 

The crystals which separate are collected in the same manner as the crude 
ruction product. Since filtration of the hot solution in further crystallisa- 
tions is not normally necessary, the crystals are transferred to B as before 
and dissolved; crystallisation is then allow'ed to take place in B. The crystals 
are collected again in cell C. If some crystals adhere to the sides of B, they 
are redissolved in some of the mother liquor, allowed to crystallise and 
collected with the main bulk in cell C. The crystals are then washed and 
oned. 

The process can be repeated as often as necessary. After the first hot 
imraUon, there are no losses owing to transference from vessel to vessel and 

In the first two trials with this apparatus, hyoscyamine picrate, obtained 

351 



LETTERS TO THE EDITOR 

Alummium Oxide for Quantitative Chromatographic Analysis. 
Sir,— I n my article on The British Pharmacopceia, 1948, The Assay of 
Alkaloidal Salts, which appeared in No. 1 of your Journal, I stated that 
aluminium oxide for quantitative chromatographic analysis must ' be 
completely free from alkali and must give a good adsorption test. I wish 
now to add a more complete set of tests which I would recommend if the 
chromatographic method is adopted. 

Aluminium oxide for quantitive chromatographic analysis should comply 
with the following tests: — 

Neutrality : Shake 1 g. of aluminium oxide with 20 ml. of water and 
filter; the filtrate is neutral to litmus paper. 

Adsorption-. Weigh 5 g. into an Erlenmeyer flask, add 20 ml. of a 

I per cent, procaine hydrochloride solution in alcohol and set aside for 15 
minutes occasionally swinging the flask. Filter through a filter of diameter 

II cm. To 10 ml. of the filtrate add 10 ml. of water and 5 drops of 
bromothymol blue solution and titrate to a green colour with OT N hydro- 
chloric acid; T90 to 2-40 ml. should be required. 

Volume. Pour 10 g. into the glass tube used for the determination, keep- 
ing the tube vertical against a firm surface and allowing the aluminium 
oxide to fall in ten portions from a height of 1 cm. The height of the 
column in the glass tube should then be 12-5 to 14-5 cm. Attach the glass 
tube with the aluminium oxide to a suction flask and draw 10 ml. of alcohol 
(90 per cent.) at 390 to 410 mm. Hg. through the column. The time from the 
beginning of the suction until the last of the alcohol has been drawn through 
the column should be to 5 minutes. A further 30 ml. of alcohol (90 
per cent.) is then passed through the column in the same manner; the filtrate 
thus obtained is used for the following tests. 

Alkalinity and Acidity. To 10 mi. of the filtrate add 10 ml. of water and 
5 drops of bromophenol blue solution, a yellow or green colour is produced. 

Soluble Substances. Evaporate 10 ml. of the filtrate to dryness and dry at 
105°C. to constant weight. The weight of the residue must not exceed 2 mg. 
Department of Pharmaceutical Chemistry, D. van Os. 

The University, 

Groningen, Netherlands. 


NEW REMEDIES {continued from page 349) 
preparations, only the maintenance dose should be used. It is supplied in 
packages of 30, 100 and 500 tablets containing either 0-1 or 0-2 mg. S. L. W. 

Estigyn* is 17-ethinyl oestradiol, an ethinyl derivative of the naturally- 
occurring oestrogenic steroid a-cestradiol. Weight for weight it is claimed 
to be the most active oestrogenic substance known and is active when given 
orally. It is non-toxic in the usual therapeutic doses and is well tolerated. 
It is indicated in all conditions calling for treatment with oestrogens, especially 
hypo-ovarianism, menopausal disorders, inhibition of lactation and prostatic 
carcinoma. The usual dose is 0'05 mg. 3 times daily, fliough this may be 
increased to 6 times daily for inhibition of lactation. It is supplied in bottles 
of 25, 100 and 500 tablets each containing 0-05 mg. s. l. w. 

Ethiodan* is ethyl-p-iodophenylundecoate, a mobile liquid used as a con- 
trast medium for myelography, sp. gr 1-264 at 20'’C., iodine in organic 
combination approximately 30 per cent. It is more stable than iodised oil and 

[Continued on race 352 
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ISIEW APPARATUS 

AN APPARATUS FOR SEMl-lSIICRO CRYSTALLISATION 
By W. C. Evans and M. V/. Partridge 
From the University of Nottingham 
Received March 16, 1949 

Repeated lecrvstailisalioD of quaatities of material of the order of 20 to 
40 mg. often presents a difficult problem. Application of the usual imcro- 
methods or of the conventional macro-methods, using small apparatus, 

frequently results in disappointing losses of 
material owing to premature crystallisation 
durmg filtration or to repeated transferences of 
small quantities of solutions or solids from 
vessel to vessel. We have found that an 
apparatus, consisting essentially of a crystaUisa- 
tion vessel attached to a form of the Schwinger 
filter, IS very convenient for repeated and rapid 
crystallisations. The principle of the apparatus 
is somewhat sitmlar to that of the BergkampP 
filter-beaker. 

‘ The apparatus, having the dimensions shown 
m the figure, is convenient for crj'stallisations 
from about 0-4 to 4 ml. of solvent. The sur- 
faces, which meet inside the rubber sleeves, are ground flat. Cell C is tared 
together with the filtermg unit A, and the disc of hardened filter paper 
secured by the lower rubber sleeve. The crude reaction product is collected, 
v.ashed and dried in cell C, slight positive. pressure being applied to B for 
rapid filtration. After weighing the product, the cell C and filtering unit 
are again attached to the crystallising %'essel B and the thick-walled capillary 
tube is replaced by a plug of glass rod of the same dimensions. Most of the 
solid is tapped down into B and dissolved in hot solvent; by tilting the 
apparatus, the hot solution is run to and fro into C to dissolve solid adhering 
to the sides. Cell C is then removed and the filtering unit is attached directly 
to the crystallising vessel. The solution is reheated for a short time to warm 
the whole apparatus and then filtered, under slight positive pressure, into 
a micro-beaker by turning the apparatus through 90°. If crystallisation 
occurs during filtration, the crystals are easily dissolved in more hot solvent 
run to and fro from B and then filtered into the hulk of the solution. 

The ciy'stals which separate are collected in the same marmer as the crude 
ruction product. Since filtration of the hot solution in further crj'stallisa- 
tions is not normally necessary, the crystals are transferred to B as before 
and dissolved; crystallisation is then allowed to take place in B. The crystals 
are collated again in cell C. If some crystals adhere to the sides of B,” they 
are redissolved in some of the mother liquor, allowed to crystallise and 
collected with the main bulk in cell C. The crystals are then w'ashed and 
dried. 

The process can be repeated as often as necessary. After the first hot 
nitration, there are no losses owing to transference from vessel to vessel and 

In tht ritst IWO trials with this apparatus, hyoscyamine picrata, obtained 
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from hyoscyamine sulphate solution produced in a partition chromatogram 
of Atropa Belladonna^ was used. The results of crystallising two samples of 
the picrate from aqueous alcohol are shown in the Table. We have since 
obtained equally satisfactory results in many other crystallisations. 


Recrystallisations ^ 

Weight 

recovered 

mg. 

Melting-pobi 

®C. 

(uncorrected) 


(a) 

(bj 

(a) 

(b) 

Crude precipitate 

1 21 

40 

162—3 

162—3 

First crystallisation with filtration of hot solution 

14-5 

34 

164—5 

164—5 

Second crystallisation tvithout filtration of hot solution 

11-5 

32 

' 164—5 

16A—5 

Third crystallisation without filtration of hot solution ... 

10-5 

30 

164—5 

164—5 

Fourth crystallisation without filtratiou of hot solution 

9-5 

1 27 

1 

164—5 

164—5 
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NEW REMEDIES (continued from page 350) 
is less irritating; its low viscosity also makes it easier to handle, and a com- 
paratively small gauge needle may be used. Ethiodan is specifically indi- 
cated for use in the radiological diagnosis and localisation of cord tumours, 
herniated nucleus pulposus, intraspinal protrusion of intervertebral discs, and 
any other conditions in which obstructions in the cerebrospinal canal or 
compression of the cord are suspected. Normally, 3 ml. is injected immedi- 
ately below the level at which the obstruction is suspected. It is issued m 
boxes of 3 ampoules each containing 3 ml. s. l. \v. 


Ferosan Tablets* contain exsiccated ferrous sulphate 3 gr., copper sulphate 
1/25 gr., and manganese sulphate 1/25 gr. Their use is indicated in all cases of 
hypochromic microcytic anemia, including anaemia due to chronic or acute 
hffimorrhage, idiopathic hypochromic anemia and anffimia of pregnancy or 
lactation. The adult dosage is 1 or 2 tablets 3 times daily after meals. 
Ferosan tablets are supplied in bottles of 100 tablets. s. L. w. 


Priscol* is the hydrochloride of 2-benzyI-4:5-imidazoline; in colourless 
crystals, freely soluble in water; m.pt. 17rC. Its principal action is to dilate 
the peripheral vessels. This effect is primarily on the artenoles and tne 
smaller arteries, and its use is therefore followed by hyperamia and accelera- 
tion of the blood flow in the capillaries. The improved circulation is usually 
accompanied by a fall in blood pressure. It is indicated particularly tor 
the treatment of peripheral vascular disorders, by intravenous, mtramuscuia 
or intra-arterial injection; arthritic conditions are treated by peri-articuia 
injections or the local use of an ointment. It inay also 
local application, combined with parenteral or oral therapy, for the trea ment 
of slow-healing wounds and ulcers. It is claimed to be especially valuable 
in ophthalmic conditions where active hypersmia is desired; for this purpose, 
it is employed either in the form of drops of a 10 per 

subconjunctival injection. Priscol is supplied in bottles of ^00 tablets 

containing 25 mg., in boxes of 10 ampoules containing 1 ml. 00 mg.), m 
bottles of 10 ml. of JO per cent, solution, and in tubes contaimng 20 g^ of 

10 per cent, ointment. 
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REVIEW ARTICLE 

ANTICOAGULANTS 
By F. C. Macintosh, Ph.D. 


National Institute for Medical Research, Hampstead, London 

The processes that underly the clotting of blood are still far from 
equa ely understood, in spite of the many facts uncovered by genera- 
rtnme investigators. The classical scheme associated with the 

nrrpnt f although neither complete nor universally 

to thk Koh ^ summary of the main events. According 

comnkte contains three essential ingredients of the 

pXombt these are ionised calcium and the proteins 

fibnnogen. The addition of a fourth ingredient 
in doubt) comiete^^f^'^ thromboplastin, since its enzymic nature is still 

is present in?h^ n’ Thromboplastin 

blood mil * generally and also in the blood platelets. When 

Plastin and ’ prothrombin reacts with thrombo- 

first stage of cIottS^T T' thrombin: this is the 

fibrinogen chanS flf 

«s«4e'.ht“S5rc,o,' 


Prothromhin Tbrornboplastin, Ca j 

Fib,inog,„J522t!S_FH,ri„, 


ions 


^Thrombin; 


‘S“7- '■ aiy of the 

therefore be divided into five^prn Anticoagulants might 

f h: such a classtaion “terfefed 

"tee some important anticoagulants afWt m ^ useful one, 

the system, and since a <:intTio^ ffect more than one component of 

iants differing completely fn tSeh mod"' anticoagu- 

fia emphasised that the MorawL it must 

ieast one further plasma nrofein” 3 ^ oversimplified. Thus at 

Ivtof,, “'"S eclated to the nature- velocity of both 

liw T? and that of the second cm concentration of the electro- 

be mSdrof ih ^ poorly deLed P^^^ases and 
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Modes of Action of Anticoagulants 

A list of the possible mechanisms of anticoagulant action is given 
below, with a number of the most important substances exhibiting each 
type of activity. 

Prevention of platelet disintegration: hydrophobic surfaces (paraffin, 
amber, perspex, collodion, silicone, etc.); most anticoagulants. 

Removal of calcium ions: oxalates, fluorides, citrates, soaps of alkali 
metals, ion-exchange resins. 

Interference with prothrombin formation: dicoumarol, salicylates. 

Inhibition of the conversion of prothrombin to thrombin': heparin, 
other sulphuric acid esters, salts of the rare earth metals, organic bases, 

_ reducing agents, trypsin inhibitors. 

Inhibition of the action of thrombin on fibrinogen: heparin, other 
sulphuric acid esters, reducing agents (cysteine, glutathione, bisulphite, 
etc.), ‘ lipid inhibitors ’, organic bases, trypsin inhibitors. 

Inactivation of fibrinogen: fibrinolysin, protamines. 

Release of heparin from the tissues: peptone, antigens (in sensitised 
animals), radioactive substances, nitrogen mustards, diamines, diamidines, 
etc. 

The following discussion will be concerned chiefly with those sub- 
stances that are now used with the primary aim of inhibiting coagulation 
in vitro or in vivo. Only brief mention will be made of substances 
formerly so used, but now discarded in favour of more active or less toxic 
materials, and of substances whose anticoagulant action is important 
only as a side-effect of their therapeutic employment. 


Substances Preventing the Disintegration of the Platelets 
It is difficult to withdraw blood from a vein or artery without con- 
taminating it with tissue fluid, but with good technique (clean puncture, 
avoidance of stasis, discarding of the first portion of effluent blood) the 
contamination may be kept small. The speed of clotting then depends, 
other factors being equal, on the rate of platelet disintegration, and this 
in turn depends on the surface with which the blood is in contact. 
Clotting is promoted by increasing the area of contact; the large contact 
area is the main factor in the hsmostatic efficiency of gauze and of its 
absorbable substitutes such as fibrin foam and gelatin foam. The 
chemical nature of the surface is equally important. Clotting is slower 
in a Pyrex glass vessel than in a soda-glass vessel, and still slower in a 
vessel lined with a water-repellant substance such as paraffin, amber, 
collodion or any of a variety of plastics. The best of all surfa^s for 
the delay of platelet lysis is provided by the silicone film fonned by th 
hydrolysis of dimethyldichlorosilane®. Blood taken with sihcone-coate 
syringes and needles, and kept in silicone-coated vessels, may remain 
fluid for seyeral hours. The silicone technique should facilitate the study 
in vi’ro, or in perfusion experiments of phenomena depending on the 
presence of normally reactive platelets: 

sensitised dog may be perfused with normal whole blood, and can then 
respond with a maximum anaphylactic reaction when the specific anbgen-- 
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is added to the perfusion stream, an effect not obtained when heparinised 
or defibrinated blood is used for the perfusion®. 

The mechanism of platelet lysis by contact with foreign surfaces is 
little understood: there is some evidence^® that a plasma factor takes an 
active part. Anticoagulants generally, and notably heparin, delay the 
lysis, perhaps through an action on the plasma factor rather than directly 
on the platelets themselves. In vivo, platelets agglutinate on a damaged 
area of endothelium; i.e. they stick to one another as well as to the injured 
blood vessel wall, forming a “ white thrombus ” or “ platelet clot.’ "When . 
the clumped platelets lyse, fibrin is formed locally; in addition, the 
clumping is itself in some way favoured by the processes giving rise to 
the fibrin clot. Wrighk^, applying a simple quantitative test for the 
measurement of platelet ‘‘stickiness,” found that this was reduced in - 
animals treated with anticoagulant drugs, including dicoumaroT^, which 
has no important direct effect on any component of the clotting system, 
but owes its activity entirely to its ability to prevent prothrombin forma- 
tion. A platelet thrombus may form within a vessel even when fibrin 
•formation is completely inhibited, as for instance by the administration 
of heparin; if the dose of heparin is pushed still higher, platelet agglutina- 
tion is stopped too. The effect of heparin on platelet agglutination 
begins later and lasts longer than that on the .clotting time^®. These 
observations are among many which emphasise the dissociability of 
platelet agglutination and clotting in the ordinary sense; yet the two 
processes are favoured or prevented by various common influences, and 
their interrelationships are hard to disentangle, except for the obvious 
fact that the platelet thrombus is a rich potential source of thrombo- 
plastin, and to that extent a likely site of fibrin formation. Further study 
. IS needed of the plasma factors affecting platelet adhesiveness and 
fragility. The observation of WrighU^ that the platelets become more 
sticky after surgical operations may perhaps be related to the finding by 
Maofarlane and Biggs'® of increased fibrinolytic activity at this time, as 
well as to the greatly increased risk of intravascular clot formation. 


Decalcifying Anticoagulants 

It has been known for over fifty years that calcium precipitants like 
oxalates, fluorides and the soaps of alkali metals can inhibit the clotting 
of shed blood, and that the inhibition can be removed by adding an excess 
of soluble calcium salt. Citrates act similarly, but without precipitating 
calcium, which becomes bound as part of a complex anion'®. The cheap- 
ness and low toxicity of citrate have made it the anticoagulant of choice 
m blood transfusion. The injected citrate is so greatly diluted by the body 
ituids that it has no anticoagulant action in vivo: the clotting time may 
even be shortened somewhat''. When very large volumes of blood or 
have to be transfused within a short time, the toxicity of citrate 
may become significant.'® 

u clotting in blood treated with ion-exchange resins 

fecribJJf ®' Ca Ky Na, has recenVS 
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Substances Interfering with Prothrombin Formation 

It has long been believed that prothrombin is manufactured by the 
liver, and this belief has been fuUy substantiated by recent investigations. 
When the liver is extirpated or severely damaged (e.g. by carbon tetra- 
chloride) the plasma prothrombin falls'within a few days to a negligibly 
low level. Less extensive liver injury produces a smaller, but still readily 
detectable, reduction in plasma prothrombin. The formation of 
prothrombin can, however, be depressed without noticeably interfering 
with the other functions of the liver. The substance which most clearly 
acts in this way is dicoumarol. 

Dicoumarol. The observations of Schofield^® and Roderick"^ showed 
that the hemorrhagic condition of cattle fed on spoiled sweet-clover 
hay Was due to the ingestion of a water-soluble toxic principle, and made 
it probable that prothrombin was the point of attack. The remarkable 
work of Lmk and his coUeagues^-’^^*^^ led to the identification of the 
haemorrhagic agent as 3,3'-methylene-h;s'-hydroxycoumarin, now 
known as dicoumarol. 


OH OH 

HI I H 

HC C C CHj C C CH 


HC C C=0 
H 


0=C C CH 
H 


Dicoumarol 


O 

H II 

HC C C-CH, 

I I li 

HC C CH 

H )i 

o 

2-methyl-l :4-naphthoquinone 
(Menaphthone) 


There is no doubt that the whole of the anticoagulant action of dicou- 
marol is due to its interference with prothrombin synthesis : it has prac- 
tically no effect on clotting in vitro. The structural similarity of the 
dicoumarol half-molecule to the compounds of the vitamin K group 
(menaphthone is a synthetic vitamin-K analogue; the natural vitamms 
have branched unsaturated alkyl chains instead of methyl in the 
2-position) early suggested that dicoumarol acted as an antagonist to the 
vitamin. Although the first attempts to counteract the action of 
dicoumarol by treatment with menaphthone were unsuccessful, it is now 
clear that the two compounds act antagonistically over a certain range : 
the vitamin must, however, be given in doses far exceeding the usual 
therapeutic ones. Ascorbic acid potentiates the anti-dicoumarol effect of 
menaphthone, and it has been suggested^’ that the bleeding tendency 
characteristic of chronic dicoumarol poisoning may be due in part to 
a disturbed vitamin C metabolism. Further evidence of the relation 
of dicoumarol to vitamin K comes from the observations of Meunier and 
his coIleagues’‘“’-k who have described coumarin derivatives with vitamin 
K activity as well as naphthoquinones acting like dicoumarol. The view 
that dicoumarol acts by blocking the vitamin is now generally accepted. 
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but its mode of action cannot be further analysed, since the role of the 


vitamin itself in prothrombin formation is unknown. 

Dicoumarol is a weak acid, nearly insoluble in water but forming water- 
soluble salts. Unlike most other anticoagulants, it is active by mouth. 
The clotting time as ordinarily measured does not provide a satisfactory 
index of the eSectiveness of dicoumarol, and some form of prothrombin- 
time test is universally used in both experimental and climcal work to 
gauge the eSectiveness of the drug. The action on prothrombin-time is 
a delayed one, since time must be allowed for the existing prothrombin 
to disappear; the maximum prolongation is seen in 2 to 4 days after 
the administration of a single dose. A rather longer time is required for 
the restoration of prothrombin after the eSect has begun to wear off. to 
the presence of liver injury the effect of the drug is enhanced both in 
degree and in duration; the same is true when the kidney is damaged. 
There is no doubt that the response to dicoumarol varies considerably 
from subject to subject; the effect of an excessive reduction of prothrom- 
bin can be counteracted by the administration of a vitamin K preparation, 
or (since symptoms do not occur unless the plasma prothrombin is 
depleted to a small fraction of the normal value) by the transfusion of 
normal blood or plasma. 

The toxicity of dicoumarol for both animals and man is related almost 
entirely to its anticoagulant action, and death when it occurs is due to 
hremonhage. Morpholo^cal changes in the liver, when seen at aU, are 
usually secondary to local hemorrhage, and most hver function tests 
reveal no impairment of the organ. The plasma fibrinogen level is, 
however, somewhat raised by moderate doses of dicoumarol, and reduced 
by large doses^® ; similar effects are produced by various agents toxic to 
• the liver, and it may be that the abnormality in this organ is not strictly 
confined to the prothrombin-forming system. Tlasma fibrinogen levels 
are, however, distinctly labile, and the degree of general hepatic injury 
produced by dicoumarol is at most an extremely slight one. 

Salicylates. Link=* has suggested that the action of dicoumarol may 
be an indirect one ; its breakdown within the body may liberate salicyl- 
ates, and these may be responsible for inhibiting the formation of pro- 
thrombin. While there is not yet enough evidence to prove or disprove 
. mis idea, the deleterious action of salicylates on prothrombin formation 
has been amply confirmed in both human and animal studies. 


Substances iKHtBiriNG the Conv'ersion of Prothrombin to 
Thrombin and/or the Action of Thrombin 
It might be thought convenient to consider in separate sections the sub- 
stances opposing the formation of thrombin, and the substances impeding 
itsaction. In practice this is difficult. Heparin, the most important of 
of clotting; and the same is true of some, at 
resemble it in being sulphuric acid 
sters of high molecular weight. Even in the case of heparin- it is verv' 

anthhro^v'' • !‘;’=lti''^cont^ibution made by its antiprothrombin and 
^utuhrombin activities to its overall effect on clotting sv^stems contain^ 
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whole blood; and the same statement applies with greater force to the 
related anticoagulants, none of which has been investigated in such detail 
as heparin. Antiprothrombin activity, in turn, might be due to inacti- 
vation of either thromboplastin or prothrombin itself. In practice, the 
amount of anticoagulant required to prevent thrombin formation goes 
up if the clotting system is enriched in either thromboplastin or 
prothrombin. This, however, would be expected on the basis of any 
theory postulating a reversible combination between either of the-clotting 
factors and the inhibitor. It is likely that both prothrombin and thrombo- 
plastin may combine with the anticoagulant and lose activity on so doing; 
but until the factors concerned in thrombin formation can all be isolated 
and studied by adequate physio-chemical methods, the relative import- 
ance of the various possible reactions can only be guessed at 

Most of the anticoagulants listed as possessing antiprothrombin or anti- 
thrombin activity have large molecules, or can form more or less stable 
complexes with protein constituents of the plasma. They thus remain in 
the blood for some time after injection, and their anticoagulant action, 
unlike that of the decalcifying anions, is demonstrable in vivo as well as 
in vitro. Many of them are compounds containing sulphuric acid in 
ester linkage. Of these heparin has received by far the most attention, 
both because it is a natural constituent of the body and may be concerned 
in maintaining the normal fluidity of the blood, and because its toxicity 
is low enough to permit its prolonged administration to patients in danger 
from intravascular thrombosis. 

Heparin. The monograph by Jorpes’^ is a recent and comprehensive 
treatise on the chemistry, physiological action and clinical applications of 
the substance. Earlier summaries by Best^^-^^ and Wilander^^ both 
of whom have made important contributions in this field, are still well 
worth consulting. 

History and chemistry of heparin. Heparin was discovered by 
McLean^® in 1916 during an investigation, under Howell’s direction, of the 
thromboplastic action of phosphatide preparations from liver and heart. 
During the next ten years Howell and his colleagues studied it intensively 
and showed that it was not, as had been thought at first, a lipoid, their 
best preparations contained uronic acids and had a high ash content. In 
the further purification of heparin and in the elucidation of its chemical 
nature, the major part was played by Charles and Scott in Toronto and 
by Jorpes and his co-workers in Stockholm. The Canadian workers 
devised an alkaline extraction technique which gave an improved yield 
of a purer product, and they showed that many mammalian tissues 
contained heparin, ox lung being a particularly rich source. The Swedish 
investigators confirmed the presence of a uronic acid in the purified 
material, and identified glucosamine and ester sulphate as further con- 
stituents : the remarkably high content of sulphate explained the large 
proportion of ash in Howell’s material. Jorpes and Bergstrom^”’ con- 
cluded that heparin is a mucoitin polysulphuric acid, and this view has 
been sustained by subsequent investigation. . . 

About the same time Charles and Scotf'’, who had been continuing 
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their purification studies, reported the isolation of a crystalline barium 
salt of heparin having *a constant composition. There has been a good 
deal of controversy about the significance of this material. Its isolation 
has been repeated and the formula Q-sITiOssNeSs has been suggested*^-''- 
for the corresponding heparin acid, but Jorpes^= regards the barium 
salt as a mixture of compounds varying in their degree of esterification. 
There is little doubt that the barium salt of Charles and Scott was 


really crystalline and that the crystallisation procedure is a valuable 
method of purification. The heparin molecule is, however, such a large 
one (the molecular weight of the barium salt is 3462 according to the 
formula of Charles and Todd and the compound may be a polymer) that 
crystallinity alone is an insuflicient guarantee of purity. There is, indeed, 
a good deal of evidence that the crystallised preparation does 'not neces- 
sarily represent a chemical individual; samples of it vary appreciably in 
composition^- and have been separated into fractions of unequal 
potency*^; the potency may go down with repeated recrystaUisation^^; 
and the barium salts obtained from different mammalian species are of 
quite divergent potency, although similar in elementary composition, 
cr}'stalline form, and chemical behaviour^=. It is hard to say whether 
eparm in its natural state ought to be regarded as a chemical individual, 
occult to obtain in strictly unmodified condition, or whether a family 
ot closely related heparins exists in the tissues : the latter is perhaps the 
Tirol? 1,1 alternative, if only because so complex a substance is 
synthesised in a single step. Nevertheless, it seems 
W u ^ preparations obtained by the Canadian and the 

poten? ^ “ear approach to the most 

potent hepann obtamable, at any rate from bovine tissue. 

of of obtaining heparin 

standardised^for^nt™'^^^^ it desirable that each preparation should be 
acS afth?' a unit of heparin 
Wear’s to 1 c.c. of frLhly 

“lan^drui hasirn I ’Experience with 

repralS! Sol • T * ^ ^ ™ terms of a poorly 

in aaoS^nce^Sf to be constant; and 
of workers set generally accepted, several groups 

"’bich the potenev of othpr^ erence preparations, by comparison with 
been replaced bTanlmlL ff T determined. These have now 

presets a^he ^bich 

N.W.S, under the auspices of the Tn ^ M^ical Research, London, 
of the World Health OrganiLion"''!!!^!”^ Biological Standardisation 
*be strencth of 1/130 rna of thu International Unit represents 

'eith the Toronto uni% defiLd I" Practically identical 

^0 far as can be ascertained rnnaM ^ ^^“ple of barium salt, and 
I-' Mpcctcd It is to 
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and is to be deprecated. It is perhaps unfortunate,, as Jorpes^- points out, 
that the established unit is such a small one: it is inconvenient to have 
to write out 30,000 units ”, for instance, when referring to a single 
human dose. 

A great variety of assay methods has been suggested for the standardi- 
sation of heparin preparations: the clotting systems which have been 
used include fresh blood; citrated or oxalated blood or plasma, recalcified 
with or without the addition of tissue extract; fresh fowl plasma plus 
tissue extract; and whole blood or plasma plus thrombin. Reproducible 
results can be obtained with any of these systems, but when two samples 
of heparin are compared by different methods the values obtained for the 
relative potency may differ somewhat : this is particularly true when the 
samples are obtained from different species^^ or when one of them has 
been denatured by treatment with acid^®. The cause of such discrepan- 
cies is presumably the varying affinity of the several active principles for 
different constituents of the clotting mixture. As it appears that most 
of the heparin now on the market is of bovine origin, and is at least 
two-thirds as active as the best preparation obtainable from the species, 
the uncertainties due to the use of varying assay methods are not very 
serious. 

Physical and chemical properties of heparin. Heparin and its salts 
with the alkali and alkaline earth metals are colourless substances, soluble 
in water but not in most organic solvents; they do not dialyse appreciably 
through ordinary collodion membranes. The sodium salt, which is the 
form usually supplied, is very stable in neutral or alkaline solution 
and can be sterilised by heating; when heated in acid solution it slowly 
loses its activity. Heparin is precipitated by many organic bases, 
including benzidine, protamines, toluidine blue and streptomycin: this 
property has been employed for inactivating heparin both in vitro and in 
vivo. Toluidine blue changes when combined with heparin into its 
reddish-violet “ metachroma tic ” tautomer®’; a similar sort of colour 
change is shown by other basic dyes in the presence of heparin. The meta- 
chromatic reaction was shown by Lison®^ to be specific for sulphuric acid 
esters of high molecular weight: it is given by a large number of sub- 
stances, both natural and synthetic, which possess anticoagulant activity. 
The Swedish workers, in a series of particularly elegant experiments®®'®*’®®, 
have shown that the granular material of the mast cells, which takes an 
intense metachromatic stain, is rich in heparin. 

The most striking property of heparin is the remarkably strong nega- 
tive charge carried by its molecule in aqueous solution. Indeed, as Jorpes 
points out, this is almost its only important chemical property, since 
apart from its acidic (sulphuric and carboxyl) radicals the molecule has 
no reactive groups. The acidic strength of heparin enables it to r^ct 
with the basic groups of proteins and other substances and is certainly 
the basis of its anticoagulant action. That its affinity for proteins is a 
general one and is not confined to the proteins concerned with clotting 
was shown by Fischer®®, who observed that the isoelectric point of casein 
was .shifted to the acid side in the presence of heparin. 
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Mode of action of heparin. Although there is no doubt that the 
negative chaige carried by its molecule is responsible for the charactenstic 
activity of heparin, the activity is not simply a function of the proportion 
of esterified sulphuric acid that is present. The large size of the molecule 
is also involved in some way. The low potency of the heparm o tame 
from some mammalian species, and the reduced activity of 
subjected to mild treatment with acid, which have been referred to, 
probably indicate a correlation between potency and degree of polymeri- 
sation'*^. That potency increases with molecular size is more obvious in 
the case of the synthetic esters of sulphuric acid, which will be referred 
to later. 

While the key to the action of heparin must be sought in the large size 
and electronegativity of its molecule, these properties do not explain why 
heparin should act particularly on the blood-clotting system. Inde^, 
it is by no means certain that its physiological function has to do with 
the maintenance of the fluidity of the blood. Heparin does, in fact, act 
on other enzyme systems; it neutralises complement®®; antagonises 
fumarase®', tiy^psin®®, and fibrinolysin®®; and it has some inhibitory eflect 
on a variety of allergic reactions. When it is injected or liberated into 
the blood stream, its low diffusibility will tend to keep it there, and it 
may be in part for this reason that it has so few extravascular actions. 

Heparin can prevent both the conversion of prothrombin to thrombin 
and the clotting of fibrinogen by thrombin. In either case the inhibitory 
action disappears when the isolated clotting reagents are used. Th'us, 
heparin does not inhibit the clotting of pu^ed fibrinogen by purified 
thrombin®'’, or the formation of thrombin from purified protoombin®®. 
An additional factor, heparin complement®®’®®’®*, must be present if either 
reaction is to be prevented ; this substance is a constituent of the albumin 
fracUon of the plasma, but is not the crystallisable serum albumin proper, 
^e antithrombin of normal plasma is also found in the albumin frac- 
tion, and the attractive suggestion has been made that it may be heparin- 
complement combined with a small fraction of its possible charge of 
heparin. The balance of evidence®*’®® seems at present, however,' not 
^ to support this hypothesis. 

Heparin: fate in the body. Heparin given by vein exhibits its greatest 
egeci on clotting within the first few minutes. It is then rather rapidly 
inacthated or remored from the circulation. Some is excreted in the 
unue'®> 2 i,;... greater part apparently escapes slowly into the tissues, 
^here it may be enzy-matically inactivated®®. The duration of the anti- 
coagulant effect is roughly proportional to the dose, but does not exceed 
- to 3 hours unless the dose is so great that its initial effect is to raise 
tnc clotting time to infinity. 

Orcamc esters of sulphuric acid. The possibiliU' of obtainina a cheap 
?bom to receive^ attention 

sumriin ' f anticoagulant action of the trypanocidal dru^ 

thaSc 4 • a', a 1 '"-^’"^''y^-"'-^™‘™'P-niethylbenzoyl-l-ammonapb^ 
S, " l>«n known L 

>mc . and m 19^0 Stubcr and Lana-® reported its successful use 
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in the therapy of thrombosis. In the same year Rous, Gilding and Smith-' 
noted the anticoagulant effect of the dye Chicago blue 6 B (chlorazol sky- 
blue FF, the sodium salt of tetrazotised dianisidine coupled with 1-amino- 
8-naphtho]"2 : 4-disulphonic acid); and Demole and Reinert'" prepared 
a variety of substances of high molecular weight and found some of 
them active against clotting, the most potent being sulphonated aromatic 
polymers. One of these, the sodium salt of polyanetholesulphonic acid, 
was later marketed as “ liquoid,” and has had some popularity as an 
anticoagulant for in vitro and animal experiments: it is a rather toxic 
substance causing delayed death in doses not far above the effective 
ones. Chlorazol sky-blue, however, and some related azo-sulphonic dyes, 
especially Chlorazol fast-pink BKS (sodium 3 : 5-disulpho-diphenylurea- 
4 : 4-diazo-his-2-amino-8-naphthol-6-sulphonate) were found by Huggett 
and his colleagues'^-'^ to be relatively non-toxic, and have been used 
extensively in physiological experiments. They act, apparently, mainly in 
the first stage of clotting. In this group of dyes there is no simple rela- 
tionship between chemical structure and anticoagulant activity : all have 
heavy molecules containing a number of - SO 3 groups and azo linkages; 
and it is of interest that they resemble heparin, and the other synthetic 
anticoagulants containing ester sulphate, in having a strong affinity for 
toluidine blue and other metachromatic dyes. 

The next series of synthetic anticoagulants to be investigated repre- 
sented, chemically at least a nearer approach to heparin. Chargaff and 
his colleagues'® and Jorpes’ collaborator Bergstrom'® independently 
reported the activity of carboh 5 'drates esterified with sulphuric acid by 
treatment with chlorosulphonic acid. The esters derived from mono- 
and di-saccharides were inactive, but all the polysaccharides tested gave 
rise to active compounds. The treatment with chlorosulphonic acid, if 
unduly prolonged, yielded less active products, presumably because the 
materials were being depolymerized'®. These compounds probably act on 
both stages of clotting, and the best of them-'-'®--'’ approach heparin in 
potency : the ratio of their activity to that of heparin cannot be exactly 
stated, since it varies greatly with the conditions of assay. All are too 
toxic for clinical use. It is of interest that their toxicity is due, at least in 
part, to their effect on clotting factors: they either cause the platelets 
to agglutinate, or precipitate fibrinogen, or both. According to Karrer 
and his colleagues®® the toxicity is reduced by the introduction of other 
acid groups into the polysaccharide molecule before the treatment with 
chlorosulphonic acid. 

Many high-molecular-weight esters of sulphuric acid occur naturally in 
both animals and plants; some of these are anticoagulants and some are 
not: activity is correlated at least roughly with ester sulphate content. 
Mucoitin and chondroitin sulphuric acids are not active, but become so 
when further esterified-®. The mucus of the mollusc Charonia lampus 
contains a potent anticoagulant®^ with many chemical similarities to 
heparin. Two anticoagulants formerly popular with physiologists roay- 
possibly belong to this group, but little is known of them chemistrv' 
except that they seem to be acidic in nature: these are hirudin'®-®®, from 
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the buccal glands of the medicinal leech," and novirudin®^, a melanin-like 
substence of vegetable origin. A number of marine algae contain poly- 
sacchandes esterified with sulphuric acid. Agar-agar, the best' known of 
these, IS not an anticoagulant; but related substances from Chrondrits 
crispiis-^ and Iridece lamimrioides'^ are moderately active. 

Basic dyes and other basic substances. All the substances just dis- 
cuss^ presumably act in virtue of their strongly acid SO 3 H groups and 

The possibility that basic substances of high 
■ ,r weight are also anticoagulants has been investigated. This too 
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Fibrinogen is precipitated more or less selectively by both protamines 
and certain anticoagulants of the sulphonic ester group, but this is cer- 
tainly not 'the main reason why such substances inhibit clotting. 

Substances Causing the Release oe Heparin 

The blood of dogs thrown into shock by the injection of large amounts 
of Witte’s peptone, or of an antigen (in previously sensitised animals), 
becomes incoagulable; and it has been conclusively demonstrated that the 
inhibition of clotting seen in such animals is due to circulating 
heparin^®"’^®®. The liver is the principal source of the released heparin. 
A similar effect is produced by large doses of ionising radiation^®*’, by 
the radiomimetic drugs of the nitrogen mustard series'^®, and by certain 
simple basic drugs, particularly diamines and diamidines’^^. Evidence 
that these stimuli release heparin in the same way from human tissues 
is lacking, except in the case of ionising radiations. 

•> 

The Clinical Use of Anticoagulants 

The utility of a non-toxic anticoagulant in the therapy and prophylaxis 
of thrombosis in man has long appeared probable, and was confirmed as 
soon as purified heparin became available in quantity. The first favour- 
able cUnical reports from Stockholm'^^ and Toronto’” have been 
followed by some himdreds of papers describing the successful use of 
both heparin and dicoumarol in a variety of thrombo-embolic conditions. 
It is impossible to give a brief adequate summary of this work; an 
excellent account wUl be found in the monograph by Jorpes’-, who seems, 
however, to emphasise unduly the toxic action of dicoumarol on the liver. 
Both drugs appear to have an established place in therapy. As compared 
with heparin, dicoumarol has the advantages of cheapness and of effec- 
tiveness on oral administration : its drawbacks are its slow onset of action, 
which makes it useless in emergencies unless supplemented by heparin, 
and the considerable variability in the response of individual patients. 
AU anticoagulant therapy involves the risk of hEemorrhage, and this risk 
can only be minimised by close supervision of the patient and frequent 
checks of clotting time (in the case of heparin) or prothrombin time (m 
the case of dicoumarol). 

The numerically most important field of usefulness for these drugs has 
been the prevention and treatment of post-operative thrombosis. Parti- 
cularly after pelvic operations. The incidence of this complication is 
notoriously variable, and the availability of an effective therapy should 
not distract attention from the importance of simpler measures, especially 
active and passive movement of the limbs. Treatment is usually begun - 
on the second day, when the risk of bleeding at the site of operation is 
small, and continued till the patient is ambulant. Opinions vary as tq_ 
whether anticoagulant therapy should be used routinely after pelvic and 
abdominal surgeiy or reserved until signs of clot formation appear. Early 
diagnosis of latent thrombosis is naturally of the greatest importance, and 
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phlebography of the lower extremities"^ and tests revealing hypercoagu- 
lability” of the blood, such as the heparin tolerance test of de Takats . 
have been found useful for this purpose. 

Other forms of active venous thrombosis respond equally well to anti- 
coagulant therapy, which undoubtedly reduces the incidence of embolic 
complications. Thrombosis of the mesenteric veins, the retinal veins and 
the cavernous sinus, have all been treated successfully, in addition to the 
more common condition in which the initial site of clot formation is one 
of the deep veins of the lower leg. The status of the anticoagulant drugs 
in the treatment of occlusive coronary artery disease is stiU uncertain. 
They are quite useless in subacute bacterial endocarditis. Overdosage 
with heparin is treated by withdrawal of the drug, when the .blood regains 
its normal clotting power within a few hours, or in emergency by the 
. intravenous iniection of protamine, which has an instantaneous effect. 
Dicoumarol overdosage can be corrected by the administration of mas- 
sive doses of vitamin K preparations, or more rapidly by the transfusion 
of fresh blood or plasma. 

Finally it should be mentioned that heparin is a valuable adjunct to 
vascular surgery, and has some advantages over citrate as an anticoagu- 
lant in blood transfusion. 

The expense and inconvenience of heparin therapy have undoubtedly 
restricted its field of usetidness. While intravenous administration, either 
several times a day or by continuous drip, is still the method most com- 
monly used, a number of menstrua for the incorporation of heparin have 
been devised"®-"’, which permit a prolonged effect to be obtained with 
a smaller number of intramuscular or subcutaneous injections. 
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Since the discovery in 1935 of the chemotherapeutic value of the red 
azo-dye prontosil rubrurn, and the subsequent proof that its activity in 
vivo is due to its conversion into sulphanilamide, an immense number of 
sulphonamide derivatives has been synthesised. The vast majority of 
these derivatives has found no place in medicine, and in this • country 
some dozen only are in current clinical use. 

Owing to their .relatively low toxicities, the sulphonamide drugs are 
unlikely suicidal agents, but during their therapeutic use toxic symptoms 
of varying severity not infrequently develop, necessitating clinical and 
chemical supervision. Excretion of the drugs occurs essentially via the 
urine, in which they are found either unchanged, in acetylated form, or 
to a lesser- degree as the sulphates or glycuronates of derived phenols, 
the relative proportions of each form varying with the nature of the 
original substituent radical (Williams’). Thus urine, or blood, is the 
usual material examined in the biochemical control of sulphonamide 
therapy, but the toxicologist may be further concerned with the isolation 
and identification of these drugs when occurring in viscera and 
medicinal preparations. From an analytical standpoint, a serious diffi- 
culty arises from the fact that no reactions specific for the typical 
sulphonamide linkage have been described. Quantitative determinations 
of the sulphonamide content of urine and blood are usually based upon 
such reactions of the free primary amino group as diazotisation (Fuller- 
Bratton, Marshall, Babbitt and Hendrickson^), production of the yellow 
SchiS’s bases with p-dimethylaminobenzaldehyde (Werner^), or the 
indophenol reaction (Lapiere’"’^). Whilst such reactions have some 
merit of simplicity, it is evident that interference would result from the 
presence of other aryl primary amino compounds (Pons and Abel”), and 
clearly the method is ineffective with sulphonamides in which the 
primary amino group is substituted. 

Methods for the qualitative identification of individual sulphonamides 
figure widely in the literature, and range from the synoptic schemes of 
Bmkham”, Deniges’^ Pesez”, and Hoffmann and Wilkens”-”, to the 
colour reactions of Chavez”, Sample^®, and other workers and the crystal 
reactions suggested by Beck^’, Dodson and Todd--, and Lapiere’ 

The present authors have repeatedly investigated the various methods 
hitherto described, but nevertheless have felt the need for a simple 
technique for identification of the drugs in the micro-quantities in which 
they may be encountered in toxicological analyses. 

The number of sulphonamides is so large, whilst those of clinical 
importance are so relatively few, that any attempt at systematic identifi- 
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cation in the field as a whole would be unnecessarily cumbersome and 
would have little practical value. The investigations described in this 
publication, therefore, have been confined to those sulphonamide drugs 
commercially available at the present time in this country (Table I). 

Residues isolated from medicinal preparations, or from viscera or 
other biological sources, are examined in a series of separate stages; 
(1) purification of crude residues, (2) provisional identification as a 
sulphonamide compound, (3) demonstration of the presence or absence 
of a free primary amino group, (4) simple crystal tests, (5) colour test 
indicative of the substituted sulphapyrimidines, (6) final conclusive 
identification by micromixed melting-point determination. The com- 
plete scheme provides a simple and rapid method for the identification 
of the listed sulphonamides, but in many instances characterisation may 
be achieved without inclusion of all the stages. It is emphasised that 
the object of the preliminary stages is essentially the indication of the 
likely compound, and whilst by the use of control experiments it is 
frequently possible to obtain a clear identification of an unknown sul- 
phonamide by means of the preliminary tests alone, the ultimate proof 
should be by micromixed melting-point determination. 

Experimental 

Isolation of the sulphonamides. Sulphonamide therapy is of so recent 
introduction that few of the standard toxicological works have any 
mention of this group of drugs. Bamford^^, in a brief treatment of the 
sulphonamides, deals largely with method.s of determination, and 
observes “ Identification must depend on their isolation — often a difficult 
process — and examination of physical properties. Generally, however, 
the history of the case, combined with the results of the non-specific 
diazotisation and condensation reactions suffice to establish (or, more 
usually to confirm) the nature of the poison.” The difficulties of isola- 
tion which this author so rightly mentions are largely attributable to 
the low solubilities of the sulphonamides in the water-immiscible 
organic solvents. Literature figures for the solubilities are by no means 
consistent, but the comparative record of available data (Table II) is 
useful, particularly when dealing with mixtures of sulphonamides. 

In the Stas-Otto process, and also in the tungstic acid method described 
by Valov^^, sulphonamides are found in the ether extract of the aqueous 
acidic solution. The solubilities in ether, however, are so low that a 
small percentage only of the sulphonamide is recovered in this way, but 
in dealing with mixtures of sulphonamides with other compounds this 
is a definite advantage, as it frequently affords a ready means of separa- 
tion. Complete removal from the aqueous acid medium may be effected 
by addition of half the volume of acetone, followed by thorough extrac- 
tion with ether. For quantitative determination of total sulphonamides 
in material from biological sources, hydrolysis of the various derivatives 
is necessary. Sulphonamides generally, are present partly in the form 
of N 4 -acetyl derivatives, ivhilst the three disodium cinnamylidene bisul- 
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phite compounds listed occur (Wien and Hampton-") as the parent 
sulphonamides, their acetyl derivatives, and possibly also as the 
unchanged bisulphite compounds. Hydrolysis is readily accomphshed 
by re&uxing with 2N hydrochloric acid for 20 to 30 minutes. 

Purification of crude residues. The low solubilities of the drugs are 
an undoubted advantage in connection with their purification. As a 
general method, heating with activated charcoal in acetone solution is 
found satisfactory, losses due to absorption are negligible, and a clean 
product, suitable for a prehminary melting point determination, is 
usually obtained. 

Wide difierences are found in the reported meltmg points of several 
sulphonamides. In the case of sulphadimidine, this variation is attributed 


TABLE II 

SOLUBimiES OF SULPHONA^^DE DRUGS.* 


Sulphatularmde 
Sulphaguamdine 
Sulphapyndine 
Suiphadiazine 
Sulphameraanc 
Sulphadimidine 
Stilphacelamide 
Sulphaihi azole 
Sutcinylsulpha- 
thiaxole 

Phthalylsulpha* 

ihiazole 

Pfoseptasine 

Ulcron 


i ‘ 

2N 

Water sulphanc 
acid 1 
1 

2N 1 
sodium 1 
hydroKidcj 

\ 

Alcohol ’ 

1 1 

1 

Ether 

1 

jchloroform 

i 

1 

Acetone , 

Light 
Petroleum 
b pt 60“ to 
80“ C 

1-U5 

SoluMe 1 

Soluble 

1 I 

1 1-37 ' 

1-600 

1 

1^000 

1-5 ‘ 

Insoluble 

1-1000 

Soluble , 

Insoluble 

1 1-200 

Insoluble 


Insoluble 

1-300 

Insoluble 

1-3500 


Soluble 

1 1-340 

1-2200 


1-1500 

1-65 

Insoluble 

1-13 000 

Soluble 1 

Soluble 

1-1 100 

Insoluble 


Insoluble 

1-170 

Insoluble 

1-6250 

Soluble 

Soluble 

1 1-400 

Insoluble 


1-2000 

1 1-60 

Insoluble 

1-5000 

Soluble 1 Soluble 

t 1-200 

, 1-5000 


1-600 

1-20 

1 Insoluble 

1-150 

Soluble 

Soluble 

1-15 

1 1-600 


1-1200 

i 1-7 

Insoluble 

1-2000 

Soluble 

Soluble 

1 1-200 

1 1-2400 


1-375 

1 1-23 

Insoluble 

1-4800 

Slightly 

soluble 

Soluble 

1-100 

Insoluble 

Insoluble 

1 1-110 

1 

Insoluble 

1-7500 

Slightly 

soluble 

Slightly 

soluble 

1 Soluble 

1-500 

Insoluble 

1 Insoluble 

1 1-250 

Insoluble 

1-32,000 

1 Slightly 

1 soluble 

* 1-145 

1 

1-320 


1-1500 

, 1-10 

1 

Insoluble 

1-50,000 

Slightly 

soluble 

Soluble 

1-250 

i 

Insoluble 

! 1-1000 

1-20 

1 

Insoluble 


* Solubilities in water are given numerically throughout. Organic solvent 
solubilities lower than 1 in 5000 are indicated as Insoluble. 


(Northey=“) to the occurrence of unstable hydrates. A similar explana- 
tion may hold for other sulphonamides, and the figures in parenthesis 
in Table I may represent the melting pomts of these hydrates. It is 
further likely that this may also be the explanation of the wide difierences 
in solubilities recorded in the hterature. 

Provisional identification as a sulphonamide. Using macro-quantities, 
identification by standard analytical methods presents no particular 
problem, but on a micro-scale the lack of a specific reaction for the 
sulphonamide grouping is a serious disadvantage. Lapiere-’ has investi- 
gated the cobalt reaction described by ParrF® in connection with the 
identification of barbiturates, and has found that certain sulphonamides, 
notably sulphathiazole, sulphapyridine and suiphadiazine, also give the 
characteristic purple-violet colour. Unfortunately, the reaction cannot 
DC regarded as a general test for the presence of sulphonamides 
irovisional characterisation of isolated and purified residues as 
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sulphonamide compounds has been accomplished by the present authors 
in the following manner : 

(i) Detection of elements by an adaptation of the micro-method 
described by Bennett, Gould, Swift and Niemann^". The procedure 
is given in detail in Table III. 

TABLE III 

' MlCRO-IDENTinCATION OF ELEMENTS 


1 mg. residue -f* 5 times weight 
of Zn dust — CaO mixture (1 : 1) 
heated in 4*5 cm. x 0*5 cm. tube 


Red hot tube dropped into 1 ml. water. 
I Boiied ; filtered 


Residue 


Fragment of solid placed in contact with 1 drop 
reagent (1 g. NaNj ; 1 g. Nal ; 1 mg. iodine ; 
3 ml. water) held in lower end of open melting 
point capillary tube. Stream of bubbles issuing 
up tube ^SULPHUR 


NHs evolved 
=N1TR0GEN 


Filtrate 

Precipitate with 
AgNO, 

+ hno, 

= HALOGENS 


I 

( 2 ) 

Acidified with 2N HNOa ; filtered 


Filtrate 

1 drop each ammonium molybdate, benzi- 
dine in acetic acid, satd. sodium acetate 
(Fcigl**) Blue colour*PHOSPHORUS 


(ii) If nitrogen and sulphur only are detected sulphonamides may 
be present, and the effect of heating in admixture with soda-lime is 
then investigated according to the scheme in Table IV. 


TABLE IV 

Decomposition on heating with soda-lime 


0*1 mg, residue heated with equal 
quantity soda-lime 


VOLATILE PRODVCTS 

(a) Ammonia—odour ; litmus 

(b) aniline — odour ; furfural/acetic acid 


res}due 

I drop saturated HgClj added , 

(a) Sulphide— iodine azide reacti^ 

(b) Sulphite — acidified with HO, and 
vapours tested with 


naner. 


The clinically-important sulphonamides listed are all primary ammo 
derivatives, and on fusion with soda-lime are decomposed with me 
production of ammonia or readily volatile amines, aniline bases and 
sodium sulphite; sulphathiazoles and the cinnamyhdene bisulphite com- 
pounds yield, in addition, sodium sulphide. Thus, by the method m 
Table IV, positive tests for ammonia, aniline and sulphite provide pre- 
sumptive evidence of the presence of a sulphonamide; sulphide in addi- 
tion sugf^ests the sulphathiazoles or'cinnamylidene bisulphite compound . 

toSuil s-lpboiamldes diBer considetably in te rate at wh.ch the 
various products are formed, but by using a standard technique the 
Sons Uh quantities of die order of 01 mg. are cquaUy as saris- 
fartorv as those utUising larger amounts of material. _ 

o“ nrg, rf to test SrM intimately mixed with an equal weight 
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of soda-lime is gently wanned in a small test tube (4-5 crn. x 0-5 cm.)- 
The issuing vapours are tested with a pointed strip of moist red litmus 
paper intr^uced just inside the tube. Stronger heat is now applied 
until an oily distillate accompanied by white fumes approaches to within 
approximately 0-5 cm. from the open end of the tube. The tube is 
placed on a white tile, and a pointed strip of filter paper moistened with 
a 2 per cent, solution of furfural in glacial acetic acid carefully introduced. 
In the presence of aruline (which may also frequently be detected by 
odour) a distinct reddish-pink band appears around the tube in the 
region of the oily distillate. At this stage one drop of saturated aqueous 
mercuric chloride solution is added to the solid residue in the tube, in 
order to obviate interference from hydrogen sulphide on subsequent 
acidification; a fragment of the treated residue is tested for sulphide by 
the iodine-azide reaction. The contents of the tube are finally heated with 
dilute hydrochloric acid, and the issuing vapours tested with a pointed 
strip of moistened filter paper impregnated with starch and potassium 
iodate, when a blue colour develops in the presence of sulphur dioxide. 
The results of this test with the listed sulphonamide drugs are sum- 
marised in Table V. It should be emphasised that this procedure does 


TABLE V 

REACnONS OF SULPHONAXnDES 



1 Decompositioii by soda-lime fosion 

Furfuial 


' 1 . s ! 

< Ammoaia Anilme « Sulphite i Sulphide 

‘ 1 ■ 

rc3ct3Dn ror 

rreerm. 

Sulphaaflanude 




SaJpEacramidt ... 

Sulpha guanidine 
S^phapyridint ... 
uTtroa 

Sucdn>'lsu3phathia2o1e 
Salphadiraidme ... 

Sulphailuazole 
SolphamcraziDe ... 

^Iphadiaziae 
rhihali*$ulphaihiazolt 

Solup>Tidine 
Solutfciazole 

not provide unequivocal proof that the material is a sulphonamide, but 
positive reactions here coupled with indications of unusual insolubility 
is strong presumptive evidence. 

Dejection of free NH^ groups. Aryl primary' amino groups may be 
detected by a variety of reactions, of which diazotisation followed by 
coupling is perhaps the most usual. The information can however be 
obtained equally satisfactorily, and much more rapidly, by means of 
the furfural condensation. OT mg. to 1 mg. of material is placed in a 
white porcelain dish and treated with 1 drop of 2 per cent, solution of 
furfural in glacial acetic acid. The liquid is allowed to evaporate spon- 
mncously, during which process a free primaiy amino group is indicated 
by the production of an intense red colour, rapidly"' tumina reddish- 
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The reactions of the sulphonamides are listed for convenience in Table 
V. It is noteworthy that in the case of the pyrimidine derivatives, the 
colour is appreciably slower in developing, and may not be apparent 
until evaporation is complete. Of the listed sulphonamides, positive 
tests for both sulphide and free -NH2 are given by one compound only, 
sulphathiazole. Similarly, one compound only, proseptasine, gives 
negative tests for both sulphide and free -NH,. 

Crystal tests. Since the sulphonamides are, in general, soluble both 
in acid and alkali, acidification of an ammoniacal solution as recom- 
mended for the identification of barbiturates (Turfitt^“) is valueless. It 
has been found, however, that by a variation in the technique, crystals 
of the sulphonamides may in most cases be readily obtained. The 


TABLE VI 
Crystal Formation 


! 

Strong solution of 
ammonia 

0*880 

Acetic acid vapour 

Sulpharulamide 

Soluble with difficulty 

* No peripheral precipitation. Long ^ fine 
needles radiate from undissolved particles ; 
also occasional hexagonal forms 

Pfoseptasine 

Insoluble < 

1 — 

Sulphacetamide 

j Very readily soluble j 

i JZ — 

Sulphaguanidine 

1 Insoluble. Slightly solu- 
1 ble hot ; long needles 

1 on cooling. 


Sulphapyridine 

j Readily soluble i 

^ 1 

1 • Rapid peripheral precipitation. 

i istic * banded * crystals, with some hexagonal 

1 and arborescent needle formations. 

Uleron .. ... , 

Readily soluble 

• Rapid peripheral precijiitation. 

globules with charactenstic dumb-bell 
shaped crystals. Wrinkled surface skin 
develops over drop. 

Succinylsulphatbiazole 

1 Very readily soluble 

— 

Sulpbadimidbe 

Readily soluble 

Rapid peripheral precipitation Minum 

giving large rosettes of browmsh "““les. 
Wrinkled surface skin develops over drop. 

Sulphathiazole 

Very readily soluble 

• Slow peripheral precipitation. Minute drops 
coalescing rapidly into large 
tnving arborescent needle-shaped growtn . ^ 

Sulphamcrazine 

Readily soluble. On eva- 
poration ‘curN'cd * crys- 
tals usually obtained 

Rapid peripheral precipitation. /Mee crysia^I 
Ime forms usually obtained : 
with bifurcated ends, followed by to; 
•twinned' crystals, and 

of ■ curv ed ’ crystals. Any one of these forms 
is characteristic of the compound. 

Sulphadiozine 

Readily soluble 

1 

Fairly rapid peripheral preapitaiion. i>ccu.c;» 
individually or in clusters. ^ 

Phthalysulphathiazole i 

1 

Soluseptasinc 1 

Readily soluble 1 

Very readily soluble 

• Sl=‘’S’;fef «ei-LVac?s‘kSs 

over drop. 

Solupyridine ' 

Soluthiazole ... ••• ' 

Very readily soluble 

Very readily soluble * 

- 

* The same crystalline forms are obtained on spontaneous evaporation 0 
cold ammoniacal solution. 
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crystalline forms are generally highly distinctive, and it is frequent y 
possible to identify a sulphonamide by means of this test alone. 

0‘1 mg. of material is finely powdered on a microscope slide and 1 drop 
of 0-880 anunonia added. The mixture is stirred thoroughly with a 
fine glass rod and observation made of the ease or diflficulty of solution. 

A drop of glacial acetic acid on the end of a glass rod is then held just 
above the surface of liquid until a white turbidity appears at the margin 
of the drop, or, as in the case of sulphanilamide, crystals appear within 
the drop itself, when the slide is examined microscopically at a magnifi- 
cation of approximately X 50. 

A general description of the crystals obtained with the various sul- 
phonamides is given in Table VI, whilst for reference purposes the 
characteristic forms are illustrated in Figures 1 to 11. 

It is regarded as essential that control crystal tests should be made 
with authentic material, and it is further recommended that after 
examination of the crystals these should be redissolved by treatment 
with ammonia vapour or solution, reprecipitated with glacial acetic 
vapour, and again examined. No loss of material is incurred during this 
repeated test, but confirmation of the typical crystalline form is obtained. 

Vanillin reaction for substituted sulphapvrimidines. When warmed 
with vanillin and concentrated sulphuric acid the majority of the sul- 
phonamides give a yellowish-green colour; the methylpyrimidine com- 
pounds sulphamerazine and sulphadimidine however, give an intense 
bright red colour. This property has been found useful as a confirmatory 
test, and has been adapted for micro-quantities. 

A quantity of vanillin of the order of 0-01 mg. is mixed on a micro- 
scope slide with 1 small drop of concentrated sulphuric acid. Into the 
liquid is dropped approximately 0-01 rag. of the sulphonamide, and the 
mixture warmed over a micro-flame until fumes are just observable. 
The slide is placed upon a white tile, and the presence or absence of a 
red colour arising from the sulphonamide particles is noted. 

Final mixed melting-point. The information derived from the fore- 
going tests is invariably conclusive for any one of the listed sulphona- 
mides, but the conclusion should be checked by a mixed melting-point 
with a specimen of the mdicated compound. 


Mixtures of Sulphonaxudes 

With the mtroduction of proprietary mixtures, e.g. sulphatriad, 
containing sulphathiazole, sulphadiazme and sulphamerazine, the toxi- 
cologist may be required to identify the individual components of such 
mixtures, cither in biological material or durina the analvsis of actual 
tablets. 

It is clearly essential in such cases to effect a preliminary separation 
of the cotnponcnis. This may be achiexed satisfactorily on the basis of 
Mlubihty differences OTable II), subsequent identification of each fraction 
being accomplished by the described methods. 

The authors ha\c encountered no insuperable difficulties in 
quahtat.se analysis of mixtures treated in this manner. 
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Summary 

1. A scheme is described for the identification of all the sulphonamide 
drugs at present available in this country. 

2. The six stages of the process are simple and rapid operations, in- 
volving no unusual reagents or apparatus; 

(i) purification of the crude material by charcoal treatment in ace- 
tone solution, followed by melting-point determination. 

(ii) preliminary identification as a sulphonamide compound by 
, decomposition with soda-lime. 

(iii) detection of free primary amino group by condensation with 

furfural. ' 

(iv) simple crystal tests based on precipitation from ammonia solu- 
tion by acetic acid vapour. 

(v) vanillin confirmatory test for sulphamerazine and sulphadimidine. 

(vi) mixed melting-point determination. 
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Fig 4 CEnanthotoxin after recrystallisation from 
ethyl alcohol 


Fig 1 Chromato- 
gram of toxic 
principle of 
CChamhc c. 
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Introduction 


(Enanthe CROCATA Hemlock Water Dropwort, belonging to the family 
Umbelliferae, is common in wet places all over Western Europe, includ- 
ing the British Isles. Its toxicity has been known for a great many 
years, Linnaeus having noted it in Sweden in 1746 (Skannan^), while 
Orfila- quotes a number of instances of poisoning in the 17th and 18th 
centuries. Witthaus^ cites 159 cases, 42 of them (i.e., 26 per cent.) being 
fatal, while there are numerous references to the 



subject in more recent medical literature 
(Thomas^ ; McGarth=). Holmes® refers to 
(Enanthe crocata as the most poisonous plant in 
England, while Fenton and Robertson' state that 
it is responsible for more stock poisoning than 
any other. The frequency with which cases of 
poisoning occur is probably because it has a 
pleasant taste, and an attractive smell, rather like 
celery. 

In spite of its well-established toxicity, very 
little work has been done on the chemistry of the 
plant. Cormerais and Pihan-Dufeillay® found 
the active ingredient to be contained in a resinoid 
material in the root, while Gerding® discovered a 
similar material in (E. fislulosa. By purifying an 
ethyl alcoholic extract of the root by dissolving 
in ether, washing with sodium hydroxide and 
precipitating with light petroleum, Pohl^° ob- 
tained a neutral resinous substance, which he 
named oenanthotoxin, and to which he assigned 
the formula CitH-jOj. Tutin” isolated several 
non-toxic substances (triacontane, hentriacon- 
tane and ipuranol) from an ethyl alcoholic 
extract of the root, but he also found that the 
toxicity was associated with the ether-soluble 
neutral resin. He considered that “ Pohl’s 
oenanthotoxin ” was not a pure substance. We 
are not aware of any other chemical investigation 
of value. 

Experimental 

Extraction, As a preliminary experiment, 
ethyl alcoholic extracts of roots, seeds and green 
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stems^ were made, and tested for toxicity by intra-peritoneal 
injection in mice. Only the extract from the root proved lethal, 
so investigation was confined to this part of the plant. The roots were 
obtained from the banks of the Thames near Kew, and passed, while 
still fresh, through an ordinary kitchen mincer. An extract made 
with 0'9 per cent, sodium chloride solution showed no activity, while 
there was little to choose in toxicity between extracts made with ethyl 
alcohol, chloroform or ether. The latter solvent was chosen owing to 
the ease of removal. Air-dried roots extracted with either ethyl alcohol 
or ether gave less toxic preparations. 

6 kg. of freshly minced roots were gently refluxed in a 20-1. bolthead 
flask for a total time of 12 hours with 11 1. of ether. The residue was 
washed with 6 1. of ether, the washings added to the extract, and the 
whole dried over anhydrous sodium sulphate. The ether was then 
distilled off, leaving 25 g. of a toxic brown oily residue, with an A.L.D. 
in mice of approx. 25 mg. /kg. This oil was dissolved in 30 ml. of 
ether and 600 ml. of light petroleum was added. This threw down 
17-5 g. of a toxic resinous material. The fraction remaining in the 
light petroleum was not toxic. The resinous precipitate was dissolved 
in 30O ml. of ether and shaken with 300 ml. of 40 per cent, sodium 
hydroxide, then with 300 ml. of 8 per cent, sodium hydroxide solution, 
and finally washed with saturated sodium sulphate solution (it having 
been found that water gave troublesome emulsions) until the washings 
were neutral. The sodium hydroxide extract, neutralised with hydro- 
chloric acid, threw down a dark resinous material that was not toxic. 
The ethereal solution was dried over anhydrous sodium sulphate and 
evaporated to dryness, yielding 8 g. of light brown viscous oil, which 
was highly toxic. This oil deposited a few crystals on standing, but 
insufficient for investigation. 

Chromatography 

Chromatography in daylight was unsatisfactory, but on elution on 
alumina columns under ultra-violet light a series of coloured bands was 
given by most organic solvents. The best separation was obtained 
with a mixture of dry benzene and ethyl alcohol (99:1). Therefore a 
solution of the light brown oil in benzene /ethyl alcohol (99 ; p was placed 
on an alumina column and developed with the same mixed solvent. 
The bands seen under ultra-violet light were removed, eluted separately 
with ethyl alcohol and the extracts tested on mice. The toxicity was 
found to be associated with a band which gave a steel-grey fluorescence 
(Figs. 1 and 2). 

The 5 g. of pale yellow oily material obtained on evaporating the 
extract from this band deposited oily crystals on standing. These were 
recrystallised by dissolving in the minimum of chloroform and cooling 
to - 15°C. 400 ma. of colourless crystals was obtained, which were highly 
toxic (v. infra.). They can be purified, either by recrystallisation from 
chloroform, methyl alcohol or benzene, dissolving at room temperature. _ 
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and cooling as above, or by chromatography on an alumina column, 
eluting with benzene/ ethyl alcohol (99:1), when a single steel-grey zone 
is obtained. These purifications do not alter the melting point or crystal- 
line habit. 

Properties 

Crystalline “ tenanthotoxin ” prepared by this method forms small 
colourless irregular crystals, (Fig. 3) m.pt. 80° to 81 °C., insoluble in 
water, light petroleum, alkalis and dilute mineral acids, but freely soluble 
in ether, ethyl alcohol and chloroform. If dissolved in ethyl alcohol, and 
the solvent allowed to evaporate, the substance crystallises in flat plates, 
many of them with a characteristic “ bullet-shaped ” appearance (Fig. 4). 
Found C, 71-75; H, 7-29; O, 20-96 per cent Molt. wt. (crj'oscopic in 
benzene) 292 requires C, 71-50; H, 7-43; O, 21-16, Mol. wt. 302. 

Nitrogen is absent. The substance is extremely unstable, changing 
comparatively rapidly into a brown insoluble resinous material, decom- 
posing without melting above 200°C., and possessing no pharmacological 
activity. This change is accelerated by a high temperature and by oxygen. 
At 4°C. under oxygen-free nitrogen cenanthotoxin is much more stable, 
only a slight yellow colour developing in a period of weeks. The specific 
rotation in chloroform is -r 14-7°. CEnanthotoxin gives an immediate 
black colour with concentrated sulphuric acid. 

Pharmacology 

CEnanthotoxin, in the form of an emulsion, was injected intraperi- 
toneally into white mice. In the earlier preparations the emulsion had 
been prepared by dissolving the substance in 0-5 ml. of ethyl alcohol 


TABLE I 

Results of injecting 0-5 ml. of lecithin-saline suspension of crystalline cenantho- 
tosin containing the dose shown, intraperitoneally into white mice, c.l8 g. weight. 
C-— Inten-al before onset of conv-ulsions. (In minutes from time of injection). 
O — Time elapsing before death. S — Survived. 
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Controls received 0-5 ml. lecithin saline only. 
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and pouring this into 9-5 ml. of 0-9 per cent, sodium chloride. In the 
case of the crystalline product, the emulsion produced by this method 
was unstable, owing to the removal of some emulsifying agent byjhe 
purification. The emulsion of crystalline cenanthotoxin for injection 
was made by pouring an ethyl alcoholic solution into a 0-1 per cent, 
solution of lecithin in 0-9 per cent, sodium chloride solution. 

The results of the experiment on mice with the crystalline substance 
are given in Table I. 

Signs 

Shortly after injection the animal becomes perceptibly less active, 
respiration is accelerated but the animal shows no sign of distress. 
1 to 20 minutes after injection the animal becomes restless and adopts 
the characteristic feeding posture with excessive movement of the fore 
limbs. 

Soon tremors of varying intensity are observed which may be con- 
fined to only local regions, but more frequently are general. The onset 
of convulsions may be sudden, but it is usually preceded by a generalised 
tremor of the whole body. Depending on the dose the convulsive move- 
ments vary from those involving tonic contractions and rolling, to wild 
jumping movements. The convulsive stage varies in its duration: 
usually several convulsions follow in rapid succession, but occasionally 
an interval of some minutes may intervene between any two. 

The terminal phase is invariably heralded by pedalling movements of 
the hind limbs and irregular vigorous movements of the fore limbs. 
Abduction of the digits is marked, and always accompanies the pedalling 
movements. At this stage haemorrhages from the buccal cavity may be 
observed accompanied by trismus of the jaw muscles. Prior to death 
the animal assumes a characteristic posture, lying on one side with the 
fore limbs acutely flexed and the hind limbs rigidly extended to the 
full. Death follows. 

These symptoms correspond closely with those recorded in cases of 
poisoning in man and domestic animals following the ingestion of the 
roots of CEnanthe crocata. 

Summary 

T. A method is described for the preparation of highly toxic crystals 
from water dropwort root. Previous workers have only reported oils 
or resins of far less toxicity. 

2. These can be purified by recrystallisation, or by chronsatography 
on an alumina column, when a single steel-grey zone is obtained. These 
purifications do not alter the melting point or the crystslline habit, 

3. The crystalline material, m.pt. 80° to 81 ° C., is insoluble in wafer, 
light petroleum, alkalis, and diluted mineral acids, but readily soluble 
in chloroform, ethyl alcohol and ether. 

4. The crystals are extremely unstable, yielding an insoluble infusible 
resinous material, with no pharmacological activity. 
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5. If kept under nitrogen at 4°C., the crj'stals can be preser\'ed for 
weeks with little loss of actitity. 

6. Death after characteristic convulsions follows the intraperitonea 1 
injection of an emulsion of the crj'stalline material into mice. 

7. The A.L.D. is 0-83 mg, /kg. of body weight. 

We nish to express our thanks to Mr. G. Knight, of the Beaiunont 
Hospital, for the loan of apparatus and to Mrs. King for her drawing 
of Figure 2. We are also indebted to Mr. Burgess for the photo-micro- 
graphs, and to our technician, Mr. Waterman, for his help and for the 
coBection of material. 

The photograph of the chromatographic column was taken at the 
Optical Department of the Medical Research Council, Hampstead, and 
to Dr. Smiles, of this unit, we wash to accord our thanks. Thanks are 
also due to Dr. Kljme, of the Postgraduate Medical School, for the use 
of the micropolarimeter. 

Our thanks are also due to Professor E. C. Amoroso, Head of the 
Department of Physiology, for his ssunpathetic interest and helpful sug- 
gestions during the course of this investigation. 
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and pouring this into 9-5 ml. of 0-9 per cent, sodium chloride. In the 
case of the crystalline product, the emulsion produced by this method 
was unstable, owing to the removal of some emulsifying agent by the 
purification. The emulsion of crystalline cenanthotoxin for injection 
was made by pouring an ethyl alcoholic solution into a OT per cent, 
solution of lecithin in 0-9 per cent, sodium chloride solution. 

The results of the experiment on mice with the crystalline substance 
are given in Table I. 

Signs 

Shortly after injection the animal becomes perceptibly less active, 
respiration is accelerated but the animal shows no sign of distress. 
1 to 20 minutes after injection the animal becomes restless and adopts 
the characteristic feeding posture with excessive movement of the fore 
limbs. 

Soon tremors of varying intensity are observed which may be con- 
fined to only local regions, but more frequently are general. The onset 
of convulsions may be sudden, but it is usually preceded by a generalised 
tremor of the whole body. Depending on the dose the convulsive move- 
ments vary from those involving tonic contractions and rolling, to wild 
jumping movements. The convulsive stage varies in its duration: 
usually several convulsions follow in rapid succession, but occasionally 
an interval of some minutes may intervene between any two. 

The terminal phase is invariably heralded by pedalling movements of 
the hind limbs and irregular vigorous movements of the fore limbs. 
Abduction of the digits is marked, and always accompanies the pedalling 
movements. At this stage hemorrhages from the buccal cavity may be 
observed accompanied by trismus of the jaw muscles. Prior to death 
the animal assumes a characteristic posture, lying on one side with the 
fore limbs acutely flexed and the hind limbs rigidly extended to the 
full. Death follows. 

These symptoms correspond closely with those recorded in cases of 
poisoning in man and domestic animals following the ingestion of the 
roots of (Emnthe crocata. 

Summary 

T. A method is described for the preparation of highly toxic crystals 
from water dropwort root. Previous workers have only reported oils 
or resins of far less toxicity. 

2. These can be purified by recrystallisation, or by chromatography 
on an alumina column, when a single steel-grey zone is obtained. These 
purifications do not alter the melting point or the crystalline habit. 

3. The crystalline material, m.pt. 80° to 81° C, is insoluble in water, 
light petroleum, alkalis, and dDuted mineral acids, but readily soluble 
in chloroform, ethyl alcohol and ether. 

4. The crystals are extremely unstable, yielding an insoluble infusible 
resinous material, with no pharmacological activity. 
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5. If kept under nitrogen at 4'C., the crj’stals can be presers'ed for 
^\eeks with little loss of actintj’. 

6. Death after characteristic comoilsions follows the intraperitoneal 
injection of an emulsion of the crystalline material into mice. 

7. The A.L.D. is 0-83 mg./kg, of body weight. 

We wish to express our Aahks to Mr. G. Knight, of the Beaumont 
Hospital, for the loan of apparatus and to Mrs. King for her drawing 
of Figure 2. We are also indebted to Mr. Burgess for the photo-micro- 
graphs, and to our technician, Mr. W'atennan, for his help and for the 
collection of material. 

The photograph of the chromatographic column was taken at the 
Optical Department of the Medical Research Council, Hampstead, and 
to Dr. Smiles, of this unit, we wnsh to accord our thanks. Thanks are 
also due to Dr. Klyne, of the Postgraduate Medical School, for the use 
of the micropolarimeter. 

Our tharfc are also due to Professor E. C. Amoroso, Head of the 
Department of Physiolog\% for his sympathetic interest and helpful sug- 
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THE ABSORPTION SPECTRA AND IONIC DISSOCIATION OF 
THIOURACIL DERIVATIVES WITH REFERENCE TO THEIR 
ANTI-THYROID ACTIVITY 
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A NUMBER of derivatives of thiourea and especially the substituted 
thiouracils inhibit thyroid activity in animals^’-; in particular thiouracil 
and methylthiouracil have been used in the treatment of hyperthyroidism 
in man. Miller, Roblin and Astwood^ studied the reaction between iodine 
and 2-thiouracil and found that at pU 7 ’4 in the presence of sodium bicar- 
bonate a disulphide from two molecules of thiouracil was formed. The 
absorption of iodine was such that tyrosine and casein were protected 
from iodination under these conditions in the presence of 2-thiouracil. 
This was held to support the hypothesis that thio-derivatives may prevent 
hormone synthesis in the thyroid gland by blocking the iodination of 
hormone precursors. Doubts, however, have been expressed by 
Rimington and Lawson^ concerning the validity of this reaction 
(2 RSH-f Ij?=iRS.SR-f 2 HI) as a mechanism owing to the activity ot 
sulphonamide derivatives which have no free - SH group. 

Williams and Kay^ found that the activity of thiouracil was distinctly 
decreased or in some instances lost by the addition of methyl or ethyl 
substituents on the nitrogen atoms or by the addition of substitutents on 
the sulphur atom. Since both of these alterations to the molecule are 
coimected directly or indirectly with the ionisable hydrogen atom it seems 
probable that ionisation is an important factor in thiouracil activity. 
It was therefore decided to investigate the dissociation of 2-thiouracil 
and 2-thio-4-methyluracil and to try and determine the probable structure 
of the resulting ion. With the latter object in view the methylated thiol 
structures corresponding to 2-thio-4-methyluracil, namely, 2-methylmer- 
capto-4-methyl-6-oxypyrimidine and 1 ; 4-dimethyl-2-methylmercapto-6- 
oxypyrimidine, were prepared and their ultra-violet absorption spectra 
determined under varying pH conditions. At the same time the dissocia- 
tion of the compounds prepared was investigated by means of an electro- 


metric titration. 


Experimental 


Absorption Spectra. The absorption curves were determined at varying 
pH values using a Beckman photoelectric spectrophotometer. Samples of 
2-thiouracil and 2-thio-4-methyluracil of appropriate strengths were dis- 
solved in potassium dihydrogen phosphate-sodium hydroxide buffer 
solutions and examined in a 1 cm. cell. Solutions of high and low pH 
were obtained by dissolving in carbon dioxide-free water and adding 
sodium hydroxide or hydrochloric acid until the required was 
obtained as indicated by pH meter; solutions obtained in this manner 


were used immediately. . 

Electrometric Titrations. These were carried out m general by 
running N/10 aqueous sodium hydroxide into solutions of thiouracil 


382 
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derivatives ia 50 per cent, aqueous ethyl alcohol, the pH of the solution 
being determined at intervals by a standard Cambridge pH meter. A 
typical result is shown for 2-thio-4-methyluracil : 

Per cent, neutralised 10 20 30 40 50 60 70 80 

pKa 8-6 8-5 8-5 8-6 8-5 8-5 8-4 8-4 


The temperature throughout the pH measurements was 18°±2°C. 
The results are not corrected for the effects of alcohol. 

Preparation of the methylated derivatives. 2-'Methylmercapto-4- 
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methyl - 6 - oxypyrimi- 
dine was prepared by 
methylation of 2-thio- 
4-methyluracil in so- 
dium ethylate using 
methyl iodide accord- 
ing to List®. After 
crystallisation from 
alcohol it had m.pt. 
220 °C. Di-methylation 
of 2-thio-4-methylura- 
cil, by the method of 
Wheeler and MacFar- 
land’ produced 1 : 4- 
dimethyl - 2 - methyl- 
mercapto - 6 - oxypyr* 
imidine which after 

crystallisation from 
alcohol had m.pt. 

94 'C. The constitution 
of the methylated com- 
pounds was proved bv 
Wheeler and MacFar- 
land {loc. cit.) since on 
heating with hydro- 
chloric acid 1 ; 4- 

dimethyl - 2 - methyl- 
mercapto - 6 - oxypyr- 
imidine gave 1 ; 4- 

dimethyluracil. 

Results 

The results in gene- 
ral are of interest in 
showing the close cor- 
relation betn-een dis- 
s^iation as showTi bv 
pH curt-es and 

‘Changes in absorption 




R. E. STUCKEY 


spKtrum, i.e. structural changes are due primarily to ionisation. Thus 
--thio-4-methyluracil possesses a potentiometric titration curve (Fig. 1) in 
aqueous ethyl alcohol with a break corresponding to an acidic dissociation 



Fig 2. Absorption spectra of 2-thio-4-methyIuraciI. A, at pH 2; B, at pH 7; 
C, at pH 8; D, at pH 9; E, at pH 10; F. at pH 12. 


constant of pH 8-5. The spectra of this compound (Fig. 2) show minor 
differences only at pH values up to 7, and at pH 8 the main peak 
Amaj ca, 270 mp Emax ca. 16,000 is still not appreciably changed. At higher 
pH values, corresponding to increasing ionisation three peaks become 
evident, a transition curve occurring at pH 9. 
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2-Metliylmercapto4-met]iyl-6-oxypyrimiduie does not show any main 
peak ca. 16,000 as for 2 : thio-4-methyluracil. and *^}ianges are not 
so fundamental (Fig. 3). A break in the pH curve (Fig. 1) 6 
pH 0 and pH 2 corresponds to a change in absorption spectra at these 



\alucs. The ciectromctric titration results for this compound show it 
to be a weak acid, having a pK^ value of 7-9. 

1 •4'Dimeihyl-2-mcthylmcrcapto-6-oxypyrimidine shows absorption 
changes only ,u pH values less than 2 (Fig. 4). again corresponding to a 
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spectrum, i.e. structural changes are due primarily to ionisation. Thus 
2-thio-4-methyluracil possesses a potentiometric titration curve (Fig. 1) in 
aqueous ethyl alcohol with a break corresponding to an acidic dissociation 



Fig. 2. Absorption spectra of 2-thio-4-niethyluracil. A, at pH 2; B, at pH 7, 
C, at pH 8; D, at pH 9; E, at pH 10; F, at pH 12. 


constant of pH 8-5. The spectra of this compound (Fig. 2) show minor 
differences only at pH values up to 7, and at pH 8 the main peak 
An,aj ca. 270 mp e^ax co- 16,000 is still not appreciably changed. At higher 
pH values, corresponding to increasing ionisation three peaks become 
evident, a transition curve occurring at pH 9. 
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2-MethyImercapto-4-methyl“6-oxypyrimidine does not show any main 
peak ca. 16,000 as for 2:thio-4-methyluracil, and the changes are not 
so fundamental (Fig. 3). A break in the pH curv'e (Fig. 1) between 
pH 0 and pH 2 corresponds to a change in absorption spectra at these 
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break in tiie eiectrometric titration curve (Fig. 1). The spectrum of 
2-thiouraciI (Fig. 4) is in general a^eement with the graphical results of 
Elion, Ide and Hitchings® and of Miller, Roblin and Astwood^ 

It was not possible directly to calculate the dissociation constants from 
absorption measurements (see e.g. Morton and Tipping®' for violuric acid, 
Stuckey^® for barbituric acid), as the relationship between absorption 
maxima and ionisation was not linear. It is obvious from this, and from 



Wavelength, m/t 


Fig 4 Absorption spectra of 1 : 4-dimethyl-2-inethylmercapto-6-oxypyrimidine. 

A, at pH 0; B. at pH 1; C, at pH 2; D, at pH 12. 

E, 2-ThiouracjJ, at pH 7. 


the fundamental spectrum changes, that variations in pH must be causing 
spectrum changes associated with resonance effects or with more than 
one group in the molecule. 
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absorption spectra of THIOURACIL DERIS'ATIN^ 
Discussion 

TauBtnamm m 2.»4-Mea.ylu«a 

more than one part of the „ Pjogucing a sttuctuie, 

attached to the nitrogea atom m the :>-p P 1-positioii 

„rmvol™g|hehyarO|enat«ta^^^^^^ 

producing either a A •' or a A suuctur . 4-„p^;atioa aroup v,ith a 
cur\ e for this compound fFig. ^ ^ ^ ^ the absorption 

pKj \alue in aqueous ethyl alcohol or 8 o, out t 

TABLE I 


fH 


2-Tfc:r-*3r3 


2•Mr'^ I'"fn5apto-T«nie'^>I-6^T}'p5Tinudii!s 


1 ' ■T-D.r‘;ih'l*2*rr5ib'i-Terc2p*(>^^vvpi*riaildirc 


7 

S 

9 

10 


12 


U 


274 

275 
275 
272 
267 
232-5 
260 
305 
232 5 
260 
505 

250 

270 

222-5 

250 

250 

272 5 

247-5 

275 

250 

222 -*' 

2S2-5 

241 

255 
241 

256 


13,940 

I65S0 

16.160 

16,100 

ll.SOO 

12,150 

11400 

5.050 
11,070 
10,430 

7.050 

10400 

S.SIO 

10,730 

10.000 

14.260 

6.6CO 

7450 

5460 

5.320 

5,040 

7.620 

5,750 

9,050 

5.740 

9,420 


changes do not show a linear relationship betv.’Mn peak values an 
ionisation indicates that spectrum changes are not directly associated nith 
a single idnic structure. 


NH.— ,CO 

1 

SO ‘CH -> H- 
NH’— *C.CH. 

1 


FTH— CO 

I 1 
SC CH 

-N — C.CH., 

II 


NH— CO 

i I 
-SC CH 

' 1 

N — C.CH. 

m 


The absorption spectra of 2-thio-4-inethyluracil show a main broad 
peak ca. 270 mu with relatively little change at pH values up to S. This 
peak corresponds to the undissociated form I, by analogs’ with other 
P'cudo-acids, c.g., barbituric acid derivatives, the thio-ketone form being 
present in aqueous acid solution. It is noteworthy that Schneider and 
Haberstadt” found from a study of dipole moments in dioxan that 
2-thiouraci1 possessed the structure corresponding to I. The change in 
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spectrum accompanying dissociation (from pH 7 to pH 10> is funda-' 
mental, with the sphttmg of the main band into three subsidiary bands; 
at pH 10 the change is virtually complete, the absorption maxima at 
higher pH values showing a slight decrease only, common to the spectra 
of many pseudo-acids in alkaline solution (cf. Stuckey^®), the main 
characteristics being retained. The reason for the main spectrum 
change is not easily interpreted, but it is probable that this follows 
ionic rearrangement, predominantly with the production of struc- 
tures II and III with associated resonance effects. This is supported by 
the fact that pH measurements show only one dissociating group. Any 
second dissociation with the addition of a further double link (from 
subsequent tautomerism) would produce the basic pyrimidine structure 
with three double links; this would have characteristically lower absorp- ' 
tion values, which are not actually found. Methylation, with the produc- 
tion in the first instance of 2-methylmercapto-4-methyl-6-oxypyrimidine 
(IV), gives support to the supposition that the nitrogen in the 3-position 
is the dissociating group. The spectra of IV in alkaline solution show, 
broadly, a similar pattern to 2-thio-4-methyluracil in alkaline solution. 

The spectrum of 2-thiouracil (Fig. 4) agreed with the graphical results 
of Ehon, Ide and Hitchings® and of Miller, Roblin and Astwood^ The 
peak values in acid solution were considerably lower than for the 4-methyl, 
compound and lower than for 2-thiothymme. Although the introduction 
of a methyl group in the 4-position has no direct effect jon the tautomerism 
it must obviously have some effect other than the normal weighting 
although exactly what is causing the increase in Sbjm rather obscure. 
The parent uracil has 11,000 at 258 mft. (Loofbourow, Stimson and 
HarF®) so that the replacement of oxygen by sulphur has caused only a 
slight increase in Soja,;. 


HN — CO 

I I 

CHjSC CH 

II II 

N — C.CHa 


IV 


-N — CO 

! I 

CHjSC CH 
If II 
N — C.CHa 

V 


CH,N— CO 

I I 

CHaSC CH 


©N— C.CH, 

H • 


VI 


2-Methylmercapto-4-methyl-6-oxypyrimidine (IV, Fig. 3) shows an 
absorption curve at pH 2 with a maximum at 230 mii. but lacking any 
peak values at longer wavelengths; at this pH, ionisation accompamed 
by the splitting off of a hydrogen atom does not take place to any wfent 
and the spectrum will be that of the undissociated structure IV. There 
is a change in spectrum with the development of two subsidiaty peaks 
in alkaline solution (pH 9) corresponding to dissociation as shown by 
the electrometric titration curve. The spectrum at pH 9 is due to t 
ion (V) with the possibility of resonance with a fully unsaturated py- 
taidine ion having a 1 : 6 double link. The pH ^-.ne'hyl- 

niercapto.4-melhyl-6-oxypyrimidine shows a ' a 

flexion corresponding to a radical change in the spectra ca. pH 
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pH 0, undoubtedly due to the partial conversion of the tertiary nitrogen 
© 

to a =NH- structure. 

l;4-Dimethyl-2-methylinercapto-6-oxypyrimidine shows no change 
from pH 2 to pH 12, which is to be expected in the absence of an 
ionisable hydrogen atom. The break in the pH curve between pH 0 to 
pH 1 corresponds, as with the monomethylated compound IV, to the 
addition of a proton to the tertiary nitrogen in the S-position (VI). 

The iodine absorption theory of anti-thyroid activity is supported by 
the work of Albert, Rawson, Merrill, Lennon and RiddeU^^, who found 
that the loss of thyrotropic activity occurring during exposure of a 
pituitary extract to iodine, was restored by treatment of the iodinated 
hormonal material with 2-thiouracil. The production of a disulphide 
compound incorporating the thiol form of the thiouracil molecule (EH) 
in Astwood’s iodination experiments, together with the findings of 
Williams and Kay®, suggest that any mechanism of iodine absorption 
depends on ionisation and subsequent ion tautomerism. In view of 
this it appears that ionisation is necessary for antithyroid activity in 
thiouracil derivatives. The present work has shown that 2-thio-4- 
methyluracil has a pK^ value in 50 per cent, aqueous alcohol of 8-5; 
in order to make this figure applicable to an aqueous solution it is neces- 
sary to apply a correction, htoutani®^ found values for ApK^ between 
water and 50 per cent, aqueous ethyl alcohol to be of the order of 0-9 
10 1-2. with an approximate average of IT, for the numerous acids 
studied. It is unfortunate that a more precise correction cannot be 
apphed since a small difference in pK^ in the region pK^ 6-6 — 8-0 corre- 
sponds to a big difference in percentage dissociation at pH 7-3; the very 
limited solubility of 2-thio-4-methyluracil, however, makes an accurate 
determination in aqueous solution a matter of difBculty. Assuming 
ApKj to be IT units, the corrected figure for 2-thio-4-methyluracil is, 
therefore, 7-4. This conesponds to a dissociation of 44 per cent at a 
blood pH of 7-3. On the limited evidence available an appreciable 
dissociation of thiouracil derivatives at pH 7-3 would seem to be neces- 
sary for iodine absorption in anti-thyroid activity. 

The peak absorption values in acid solution shown by 2-thio- and 
2-ihio-4-mcthyluracil provide a useful property for the analytical estima- 
tion of these compounds. This, together with the dissociation properties 
of thiouracil derivatives, is the subject of further investigation. 


Summary 

L The ultra-violet absorption spectra of 2-thiouracil. 2-thio-4- 
mcthjluracil, 1 4-dimethyl-2-mclhylmcrcapto-6-oxypyrimidine and 2- 
methylmcrcapto-4-methyl-6-oxypynmidine have been determined at varv'- 
ing pH \alucs. 

2. Electrometric titration curves have been plotted for 2-thio-4- 

raclhvluracil, 2-mcibylmcrcapto-4-mcthyl-6-oxvpvrimidine and 1-4- 
mmcthvl.2-nicihvlmcTcapto-6-oxypyrimidinc. and 'pK, values for the<^ 
compounds m aqueous cthvl alcohol have been recorded 
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3. The close connection between change in pH and change in ultra- 
violet light absorption for the compounds studied shows that absorption 
changes are due primarily to ionisation and subsequent ionic rearrange- 
ment. 

4. On the basis of the iodine oxidation theory, the probable ionic 
nature of the iodine absorption mechanism suggests that thiouracil 
derivatives which are appreciably ionised at pH 7-3 are most likely to 
exhibit anti-thyroid activity. 

The writer would like to thank Miss H. M. Oster for technical assist- 
ance and the Directors of The British Drug Houses, Ltd., for per- 
mission to publish these results. 
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PROGUANIL (Paludrine), intioduced as an antimalaiial drug in 1946, has 

the constitution Ni-p-chlorophenyl-Ns-isopropylbiguanide. 

a'f' NH-O-NH— C— NH.CH(CHj), 

\_/ II II 

■NH 'NH 

It is a strongly basic substance which, is administered orally as tablets 
containing the monohydrochloride and by injection as a 5 per cent, 
solution of the lactate. 

Methods for the determination of traces in biological fluids have been 
described by Spinks and Tottey^ and Gage and Rose^. Spinks and Tottey 
employ hydrolysis with N / 4 hydrochloric acid in a sealed tube at 100°C. 
followed by diazotisation of the p-chloroatuline, coupling with N-p sulph- 
atoelhyl-/n-toluidine and colorimetric determination of the azo dye 
which is formed. Gage and Rose’s method depends on formation and 
extraction of the copper-complex (CnHisNsQjzCu (see page 392) with 
benzene and determination of the copper in the extracted complex by the 
weU-known dithiocarbamate method. 

Neither method, however, is of sufficient accuracy to be satisfactory for 
the determination of major amounts, either in the bulk product or in 
pharmaceutical preparations, and the methods which have been developed 
for these purposes are described herein. 

Methods of Analysis 

1- Volumetric Determination in the Hydrochloride by Titration with 
Aap The drug is in reality a diacidic base, and although the form in 
which it is mainly encountered (the monohydrochloride) is neutral in 
aqueous solution, this salt can be dissolved in glacial acetic acid and the 
second basic group can be titrated with a standard solution of perchloric 
licid in glacial acetic acid in the manner described by Bandel and Blum- 
nch for the titration of tveak bases with strong acids^. The indicator is 
'‘•naphthol benzein, which changes from yellow to green at the end-point. 

This method has the advantage of rapidity and the results are not 
ancctcd by normal tablet excipients (c.g. starches, gums, sugars, etc,); it 
can, therefore, be used for the direct determination of the content of 
tablets 

Rectymts required: 1. Acetic acid, glacial, analytical reagent quality. 

roi'- ^f“don of perchloric acid in glacial acetic acid: dissolve the 
q tvalcnt of 10 05 g. of perchloric acid (calculated from the acid content 
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3. The close connection between change in pH and change in ultra- 
violet light absorption for the compounds studied shows that absorption 
changes are due primarily to ionisation and subsequent ionic rearrange- 
ment. 

4. On the basis of the iodine oxidation theory, the probable ionic 
nature of the iodine absorption mechanism suggests that thiouracil 
derivatives which are appreciably ionised at pH 7-3 are most likely to 
exhibit anti-thyroid activity. 

The writer would like to thank Miss H. M. Oster for technical assist- 
ance and the Directors of The British Drug Houses, Ltd., for per- 
mission to publish these results. 
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Reagent required. 5. Ammoniacal cupric chloride solution; dissolve 
22-5 g. of cupric chloride, CnQ 2 » 2 H« 0 , in 200 ml. of water and add 
100 mL of ammonia solution (880). 

Determination. Weigh O'S to 0-7 c. of sample into a 250-ml. beaker, 
and dissolve in 50 mk of water by gentle warming. Cool in an ice bath 
to 5° to 10‘C. and add ammoniacal cupric chloride solution (reagent 5), 
with stirring, until the solution remains a deep blue colour. Allow' to 
stand at room temperature for at least 1 hour and then filter on a sintered 
glass crucible, porositj' 3 — ^preferably one having a large filtering surface 
— fitted with an asbestos pad and previously dried at 130'C. to constant 
wei^L Wash the precipitate with 100 ml. of dilute ammonia and then 
with cold water until the washings are quite colourless. Dry' at 130"C. 
(=5') to constant w'eight 

Wt- of precipitate x 1*020 percent- calculated as hy- 
Wt. of sample ^ drochloride, mol. wt. 290 


DlSOjSSlOIt 

The colour change which occurs at the end-*point of the volumetric 
method extends over a range of about 0*5 ml. of titrant in a titre of 25 ml., 
and the averages of duplicate tests by two operators upon the same sample 
often differ by 1*5 per cent. The method has, however, the advantage 
of rapidity and is, therefore, of special value w'here large numbers of 
detenninations have to be carried out, as, for example, in the routine 
examination of tablets. 

The precision of the gravimetric method is considerably' higher than 
that of the volumetric method, and the averages of duplicate tests by 
two operators upon the same sample usually agree w'ithin 0-5 per cent 
Recovery from specially' purified hydrochloride has not been determined; 
this was not considered to be necessary', since the technical hydrochloride 
(i.e., the material which is normally manufactured for use in pharma- 
ceutical preparations) is itself a very pure product, and the sum of the 
determined constituents — active agent p-chloroaniline, moisture and ash 
— in technical samples is normally over 99-0 per cent 

-Analysis of a typical sample of technical proguanil hydrochloride 
is given below ; — 


content by gravimetric method, calc, as 
hydrochloride, mol. wt. 290 

p-Chloroaniline 

Moisture (by loss of weieht on heatins at 
100=C.) ~ " . . 

Sulphated ash 

Total 


99-5 per cent 

Less than 0-01 per cent 

OT per cent 
0*05 per cent 
99-6 per cent 
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of the 60 per cent, acjueous solution) in 50 ml. of acetic acid; add this mix- 
ture, a drop at a time, to an amount of freshly distilled acetic anhydride 
(boiling point 137° to 139°C.) which is exactly sufficient to combine with 
the water present in. the. perchloric acid, cooling the mixing vessel in ice 
during the addition. Dilute with acetic acid to 1 litre. 

3. Standard solution of sodium acetate in acetic acid: cautiously dis- 
solve 1-325 g. of sodium carbonate, previously dried for 5 hours at 300 ‘’C., 
in 50 ml. of acetic acid, transfer to a 250-ml. measuring flask and make 
up to volume with acetic acid. 

4. a-Naphthol benzein indicator: dissolve 0-2 g. of a-naphthol benzein 
in 100 ml. of acetic acid. 

Determination. Standardise the perchloric acid (reagent 2) by titrating 
50-0 ml. of the standard solution of sodium acetate (reagent 3) and 1 ml. 
of the indicator (reagent 4) until the colour changes from brown to green. 
The temperature of the perchloric and sodium acetate solutions should be 
kept as near to 20 °C. as possible for aU measurements of volume in order 
to minimise errors due to the large coefficient of expansion of acetic acid. 

Experience has shown that the normality of this solution remains 
constant, under ordinary conditions of storage in a stoppered bottle, for at 
least 3 months. 

Weigh about 0-8 g. of the sample, or its equivalent in tablet form, into 
a diy conical flask and dissolve in 30 ml. of acetic acid, warming to a 
temperature not exceeding 80°C. Cool to room temperature, add 0-5 ml. 
of indicator solution and titrate with the perchloric acid solution until the 
colour of the titration matches that obtained in the standardisation. 

If B = vol. of N/10 perchloric acid required 
2-90B 

s r- = per cent, calculated as hydrochloride, mol. wt. 290 

wt. of sample 


2. Gravimetric Determination in the Hydrochloride or Lactate by Pre- 
cipitation OF THE Copper Complex. When an excess of ammoniacal cupric 
chloride solution is added to a cold aqueous solution of the hydro- 
chloride or lactate, the base is precipitated as a copper complex contain- 
ing ten atoms of nitrogen for each atom of copper. There is little doubt 
that this precipitate is an inner complex having the formula ; 


X,./' 


NH.C.NH.C.NH.C,H, 

■I It 


NH N 
/ 
Cu 

^ \ 
NH N 

fi 


NH.C.NH.CNH.CjH, 

,d it has been found to be suitable for gravimetric determination, being 
sily washed free from the excess of reagent and dried a 
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A. NOTE ON THE CONVERSION OF oj-TRIBROMOQUINALDINE 

TO u-dibromoquinaldinte and the production 

OF QUINALDIC ALDEHYDE 
By L. K. Sharp. 

Received March 3, 1949. 

W-D 1 BROMOQUIHAI.HINE cannot be prepared by selective broniination of 
quinaldine, the only product isolated being the co-tribromo derivative, but 
the former may be prepared by reduction from the latter. Hammick^ 
reduced tribromoquinaldine by means of stannous chloride in acetone 
solution, obtaining a yield of 60 per cent of theory. In order to separate 
the product from tin compounds, steam distillation was employed. As 
dibromoquinaldine is only slightly volatile in steam the purification 
process is tedious. The reduction may however be performed by refluxing 
u-tribromoquinaldine with a 20 per cent, v/v solution of sulphuric acid 
in alcohol and pouring the mixture into water. The product separates 
almost pure in excellent yield, and a single crystallisation from alcohol is 
all that is necessary. The identity of the product was confirmed by its 
conversion, by means of alcoholic silver nitrate, to quinaldic aldehyde 
by the method of Hammlck-. 

Experimental. 

oj-Tribromoquinaldine (10 g.) prepared by Hammick’s^ method was 
refluxed for 4 hours with a mixture of alcohol (97 per cent.) (80 ml.) and 
concentrated sulphuric acid (20 ml.), and the mixture then poured into 
water. The white precipitate was washed and dried. Yield 7 g. (88 per 
cent of theory). M.pL 119°C. After recrystallisation from afcohol the 
pure product melted at 120°C. Found: C, 39-95; H, 2-67; N, 4-9; Br, 
52-9 per cent: QoHNBr,. requires C, 40-0; H, 2-3; N. 4-7; Br, 53-3 pet 
cent. 

Proof of Constitution. ■ 

2- 5 g. in 15 ml. of boding alcohol was treated with silver nitrate solu- 
tm and the product worked up in the manner described by Hammick=. 
Afier steam distillation 0-9 g. (70 per cent of theory) of quinaldic 

aldSyde melting-point with quinaldic 
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Summary 

1. Two 'methods are described for the detemiinatioii of proguanil 
hydrochloride ; one method depends upon titratiop with perchloric acid 
in glacial acetic acid solution, and the other upon gravimetric determina- 
tion of the copper-complex precipitated from cold aqueous solution by 
ammoniacal cupric chloride. 

2. The volumetric method is rapid and is applicable to the determina- 
tion in tablets, but is less precise than the gravimetric method. 

3. The gravimetric method is applicable also to the lactate. 
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CEPHAELIS IPECACUANHA 

potash, magnesia and linae; a minimuni temperature of 50 F. and a 
maximum of 100°F., with smaller variations in temperature during 
summer and winter and during day and night; and a minimum ramfall 
of about 90 in. distributed during monsoon, winter and spring. 

The experiments reported here were chiefty concerned with germina- 
tion of seeds, growth of cuttings and of young plants of Cephaelis 
Ipecacuanha (Kew variety) obtained from Mungpoo under the changed 
tropical conditions of the plain. The experiments were made under 
thatched sheds and on prepared soil beds, as is usual in Mungpoo. 

Germmation from seeds. The seeds, which usually take 4 to 6 months 
to germinate, have a very hard coat, are plano-convex and 3 to 5 mm. 
in length. They were sown on prepared beds in December, 1946, and 
January, 1947. They were watered morning and evening. By the end 
of April, the December and January sowings started germination almost 
at the same time. The curved seedlings were very weak and took 15 
to 20 days to become erect with the hard seed coat still enclosing the 
apices of the first pair of leaves. The seedlings were so delicate and 
the hard seed coats were so tough that it was not possible to remove 
the seed coats without .damaging the seedlings. The seedlings died 
under these conditions. Later on monthly sowings of seeds and the 
treatment of the seeds with acids to remove the hard seed coat were_ 
tried. The seeds were also subjected to low temperatures for different 
periods and to alternate high and low temperatures before sowing. But in 
no case did the seeds sprout even after 6 or 7 months. The causes of 
dormancy are being studied in detail. 

Growth from Cuttings. By the end of February, 1947, some young 
plants were obtained from Mungpoo. A few cuttings of roots, stems 
and leaves from two such young plants were made and planted on pre- 
pared beds. The cuttings were kept under humid conditions by a cover 
of wet moss. They were watered every 3 hours during the day with a 
suitable arrangement to avoid waterlogging. During April some of the 
root cuttings began to sprout, but the stem cuttings did not and the leaf 
cutting began to rot. With the approach of the monsoon (i.e., during 
the months of May, June, July, August and September) more of the 
. root cuttings sprouted and showed progressive activity by the production 
of minute leaves and 3 to 4 nodes. The intemode varied in length from 
1 to 2 cm. The activity of the cuttings was best in August. By the 
beginning of November the root cuttings were affected for the time 
with browning of the apices of their leaves. Browning progressed with 
the advance of the month and resulted in gradual drying up of the 
cuttings. 

Growth of young plants. A few of the young plants obtained from 
Mungpoo by the end of February, 1947, were planted on prepared beds 
in earthen pots. They were watered every three hours during the day. 
The leaves of young plants within a few days showed browning of their 
apices and periphery. Browning progressed from these areas to the 
middle region of each lamina. As a result, the leaves soon crumpled 
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A PRELIMINARY INVESTIGATION ON THE GROWTH OF 
CEPHAELIS IPECACUANHA (BROT) A. RICH, UNDER 

TROPICAL CONDITIONS AT CALCUTTA 

By Gopal C. Mitra and Diptish Chakraborty 

From the Bengal Immunity Research Institute, Calcutta 
Received October 5, 1948 

Introductory 

Tm &st plant of Cepha'elis Ipecacuanha was taken to Calcutta by Dr. 
King in 1866, and in about 1868 experiments with a view to the intro- 
duction of the plant into India were begun by Dr. Anderson in the Royal 
Botanic Gardens, Calcutta. The original stock of plants came from 
Kew and Edinburgh. Gammie observed that the varieties from Kew 
and Edinburgh differed greatly, the leaves of the former being more 
rough and hence more hardy than the latter. Balfour^’^ had previously 
described the difference in the character of the leaves between the plants 
received from Kew and those sent by Gunning from Rio de Janeiro. 
The l^ves of the Kew plants are firmer in texture, somewhat coriaceous, 
elliptical or oval, with apex rather blunt, and margin wavy. The leaves of 
the Rio de Janeiro plants are thinner and more delicate in texture, the 
shape is rather elliptico-lanceolate, the apex pointed, and the margin 
less wavy; in the young state the leaves are fringed with hairs; the plants 
grow more freely and are less shrubby. The Kew plants were also 
characterised by flowers possessing long stamens and short style as 
described by Hooker^, while the plants produced from Rio de Janeiro 
specimens showed two forms of flowers, viz., one with a short style 
and long stamens as in the Kew plant and the other with a long style 
and short stamens. Under cultivation by Gammie the Edinburgh plants 
did not survive for more than a year or two, but plants of the Kew 
variety, in the shade, lived. The Kew variety thus seemed to be more 
hardy and more suitable for cultivation in India. Later ipecacuanha 
was successfully cultivated in the Sikkim Himalayas. The seeds and 
plants for the present investigation were obtained from a nursery at 
Labdah. Evidently the original stock of these plants is the Kew variety, 
and they resemble the description and drawings given by Bentley and 
Trimen* and by Balfour^. But to the authors it seems that the characters 
of the two forms as mentioned by Balfour have become less clearly 
defined during natural fertilisations at the early period of their 
acclimatisation in India. The present production of the drug in India 
is insufficient to meet the demand, and more attention and systematic 
research is needed to improve the quality and yield. 

Experimental 

All the preliminary experiments on the cultivation of Cephaelis 
Ipecacuanha in India show that for favourable growth and development 
the plant requires : — a forest area with sandy loam soil nch m humus. 
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of Calcutta throughout the year, and in some months the difference is 
as great as 20“F., whilst the mean maximum temperature curve at 
Labdah is sUghtly below that of Calcutta, excepting in the months of 
July and August. So the mean maximum temperature of the plain may 
not affect the growth of the plants, but the duration of the maximum 
temperature in the hiUs and in the plains is to be taken into considera- 
tion. In the hills the mean maximum temperature lasts for a few hours, 
while in the plains it persists for a longer time. As regards the duration 
of the mean minimum temperature it is just the reverse. The raiMalls 
of the two places show wide differences. The total rainfall during a 
year at Labdah is 137 in., while at Calcutta it is 63 in. 

It was seen from these experiments that the high temperature of the 
summer months, ApriL May and June, did not prevent the natural 
growth of the cuttings and young plants and the germination of seeds. 
Further, under natural conditions, the growth of the cuttings and of 
young plints improved with the onset of rains, and was found to be the 
best in August. In November, however, the cuttings and young plants 
showed the signs of decay as seen by the browning of their leaves. 
Again, it was found that on increasing the humidity, which was 64, by 
growing the cuttings and young plants under beU-jars their growth 
was revived to a great extent as seen by the development of the 
branches and leaves. Thus from November onwards, through the winter 
months, the condition of the growth of the cuttings and young plants, 
if kept in increased humid condition, was much better than what was 
found in the natural condition during the month of August. The humidity 
inside the bell-jar may be assumed to approximate to that prevailing 
in the monsoon, say, in the month of August. The observations in- 
dicate the favourable influence of the lower temperature of the winter 
months as compared with August, provided the humidity is not allowed 
to decrease, and the mean maximum temperature which persists for a 
"longer duration in the plain appears to be above the optimum tempera- 
ture, otherwise we would have expected the best growth in August. 

The anatomical structure of the leaves also indicates that the plants 
are sensitive to desiccation, which was supported by the revival of growth 
of the cuttings and young plants in November when they were grown 
under the bell-jars in increased humid conditions. The browning of 
leaves in November can be ascribed to the desiccatory effect of lowering 
of humidity in that month. 


Summary - 

1. Under the tropical conditions of the suburbs of Calcutta the seeds 
of Cepha'ehs Ipecacuanha (Kew variety) sprouted in April, 4 and 5 
after their sowing, but quickly died. 

arLesT^cS“- cuttings, especially the roots, showed the 

^wtest activity m August when the ramfall was 15-4 inches and the 
mean minimum temperature 79-5“F.. whilst in November. Sien thlre 
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and were shed. Microscopical examination of the brown patches of the 
leaf lamina showed that they were not due to fungal attack, and the 
anatomical structure of the leaf showed the characteristic tissue develop- 
ment and differentiation of a shade and moisture-loving plant. 
Frequent spraying with water failed to check the browning of the leaves, 
and by the end of AprU all the leaves of the young plants were shed. 
Though they were completely defoliated, they were alive,' as shown by 
the freshness of their terminal buds, and the gradual appearance of 
axillary buds gradually increased during the months of May, June, July, 
August and September. The buds only slightly expanded into one or 
two pairs of minute leaves. The growth was best in August. By the 
beginning of November the young plants were again affected with brown- 
' ing of the apices of the small leaves of terminal and axillary buds. 

_ Browning of the apices of leaves of the buds similarly progressed very 
quickly, and by the end of the third week of the month resulted in their 
drying up. 

Experiments under scie'ntificially increased humid coriditions. To- 
wards the end of the third week of November, when the root cuttings 
and the young plants were both showing definite signs of drying up, they 
were subjected to increased hmnidity for the purpose of studying its effect 
upon their growth. Accordingly, on November 21, 1947, the root cuttings 
and young plants, which were already affected with browning of their 
leaves, were covered with bell-jars leaving a little space for the access of 
air; inside each beU-jar a dish containing water was kept. Each morning 
and evening, fresh air was admitted so as to avoid the accumulation 
of carbon dioxide. Both root cuttings and young plants responded 
quickly to this treatment. It was observed that browning of apices of 
leaves of the root cuttings, which had already started, could not be 
checked, but, later, new leaves were formed. The effect was more 
marked in young plants. One of the axillary buds of a young plant 
near the base of its stem steadily increased in length and in the 
surface area of its leaves. At the beginning of the experiments the 
length of the axillary shoot was 1 cm., and 8 weeks later it had in- 
creased to 5 cm., while in the same period the length of one of the first 
pair of leaves of the axillary shoot which was 1-2 cm. and the other 
one which was 0*6 cm. had increased to 5-3 cm. and S-l cm. respec- 
tively. Two more pairs of leaves of the axillary shoot were developing 
by this time. 

Discussion 


The preliminary experiments in the acclimatisation of plants in India 
show that the plants can easily be propagated from root cuttmgs and 
seeds, and that they prefer moist shady spots where there is m^h 
vegetable mould in the soil and an equable steamy atmosphere. The 
plants and cuttings, especially the roots, showed the best powth in 
August in nursery conditions but, in artificially increased humidity. ^*“^5 
the winter months, the growth was much more than in ^u^st. ^e 
mean minimum temperature curve of Labdah is always far b" 
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THE PREPARATION OF INDONES 

By D. Dalev 
R eceived September 25, 1948 


There are many methods of preparing indones. One of the eommonest 
is that which was given more or less at the same time by Lbwenbein 
and Ulich^ on the one hand, and by Weiss and Sauermann^ on the 
other. This method is not very convenient because most of the indones 
produced by it contain much impurity in the form of 3-benzalphthalide 
and some by-products, and the mixture of the latter with the indones 
is a sticky, resinous substance which prevents the indones from crystallisa- 
tion. Weiss and his fellow worker removed the benzalphthalide by 
saponification with concentrated alcoholic ammonia. Under such condi- 
tions the purification of the greater proportion of the indone is difficult, 
Weiss does not mention the reasons which made him choose ammonia 
for the saponification of benzalphthalide. 

My experiments have shown that dilute aqueous solutions of alkaline 
hydroxides or carbonates do not change the indones to any marked ’ 
extent when boiled. The latter do not change even when they are mixed 
with benzalphthalide. The crude indones which are produced, after they 
are distilled from the ether-benzene mixture at a temperature below 
100" C., form a thick substance resembling molten resin. The by-pro- 
ducts of the reaction, such as hydrocarbons and unchanged halogenides, 
are separated from this mass by steam distillation. 

The use of steam has this advantage, that it continuously stirs the 
resinous substance and almost completely separates the volatile com- 
pounds. From this it appeared that the benzalphthalide in the crude 
indone would be easily soluble under these conditions if the medium was 
alkaline. Experiment proved that a 1 to 2 per cent, solution of sodium 
hydroxide is suitable for saponification. An aqueous solution of sodium 
or potassium carbonate can be used equally successfully. What quantity 
of unchanged benzalphthalide there is with the different indones is, of 
course, not known. It can safely be assumed that the hydroxide or the 
carbonate can be calculated for at least 50 per cent, of unchanged 
^ benzalphthalide. The saponification is completed in most cases in about 
half an hour. 


Experimental 

General method. The organomagnesium compound is produced from 
0-1 g. mol. of halogenide with a corresponding excess according to Gil- 
man’s tabled in order to produce a 100 per cent, yield. The ether solution 
of the organomagnesium compound is transferred to a separating funnel 
in such a way as to prevent oxidation from the air. The flask is closed 
with a rubber stopper through which passes a short glass tube The 

aS,.? separating funnel and 

a most all the ether solution is poured out of the flask in which there 
always remains a little of the ether solution of the organomagnesium coZ 
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was no rain and the mean minimum temperature was 64-6 T., they ' 
showed signs of drying up. 

3. Artificial increase of humidity at this stage revived the growth of 
young plants and cuttings. Onwards through the winter months the 
growth of the cuttings and young plants was maintained. 

4. The observations indicate the favourable influence of the lower 
temperature of the winter months provided that the humidity is not 
allowed to decrease. The monthly mean maximum temperature of the 
plains appears to be above the optimum for 'growth of the plant. 

This work has been carried out under the direction of Mr. S. N. Bal, 
Director, Pharmacognosy Laboratory, Government of India. The authors 
are grateful to Mr. S. C. Sen for providing plant material. 
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This method can be applied for the preparation of manj' different in- 
dones, and the work is being continued with a view to the producing 
triketones from which to prepare anthracene derivatives similar to those 
used as carcinogenics in cancer research. 
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THE SPECTROPHOTOMETRIC DETERMINATION OF RUTIN 
AND QUERCETIN IN MIXTURES 

By R. V. Swann 

This Journal, 1949, 1, 323-329 

Corrections 

Page 324, figure 1, horizontal scale, for 520 read 250. 

Page 328, figure 2, horizontal scale, for 367 read 347. 

vertical scale, for 0, 10, 20 per cent., etc., read 0-0, 
TO, 2-0, etc. 

Bottom line, for Porter ei ah- read Porter et al.^. 
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pound and a little magnesium. A solution of 22-2 g. of benzalphthalide 
in 100 ml. of dry benzene is quickly poured in, followed by the solution, 
first drop by drop, and then in a thin stream, at the same time con- 
tinually shaking the flask. Very often the inside of the flask becomes 
covered with a thick yellow-brown precipitate which fills the whole 
flask before aU the ether solution is added. The temperature rises and 
the solution in the flask begins to boil. Boiling is prevented by coohng 
with water from time to time. After adding all the ether solution, the 
contents are stirred well with a metal rod and boiled over steam for 1 
hour. At the bottom of the flask there almost always gathers a dark 
red sticky substance which is scraped off and stirred with a rod, two or 
three times while the heating lasts. It is left overnight and decomposed 
with ice and dilute sulphuric acid. In some cases water followed by 
sulphuric acid may be used — the temperature does not rise very much. 
Decomposition is completed in a short time, and the ether-benzene layer, 

. of a colour something between orange and red, is separated. It is 
washed several times with a dilute alkali and with water and distilled 
directly in steam. At first the ether and the benzene distil quickly, and 
afterwards the unchanged halogenide and the other by-products of the 
reaction which are volatile in steam. The distillation in steam is continued 
until a clear liquid passes, sometimes over 10 or 12 hours. Distillation 
is then stopped and, without cooling, a sufficient quantity of dilute 
sodium hydroxide solution to produce about a 2 per cent, solution is 
poured in and distillation in steam is continued for another hour. When 
the resinous substance has deposited, the deep-red aqueous layer is 
poured off, and the resinous substance is again distilled in steam for 
another hour. When treated with alkali the indbne often turns into a 
solid mass, and its removal from the flask becomes impossible. The 
solid jnass contains a good deal of water, and for this reason its solubility 
in ether is very small, but it dissolves easily in chloroform. The chloro- 
form solution is washed with water, and dried with dehydrated sodium 
sulphate and the chloroform is distilled off. 

The following 12 indones have been prepared by this method and 


identified ; — 

2 : 3-diphenylindone^ 

2-phenyl-3-tolylindone® 

. 2-phenyl-3-m-tolylindone 

2-phenyl-3-p-tolylindone' 

2-phenyl-3-p-bromo-phenyIindone" 

2-phenyl-3-a-naphthylindone 

2-phenyl-3-benzylindone 

2-phenyl-3-i5-naphthylindone 

2-phenyl-3-cyc/ohexylindone 

2-phenyl-3-;sopropylindone 

2-phenyl-3-;soamyIindone 

2-phenyl-3-ethylindone 


m.pt. 

153°C. 

123° to 125°C. 
113 °C. 

133 to I34°C. 
172 to 174°C. 
182 to 183°C. 
135°C. 

132°C. 

162 to 163°C. 
1]0°C. 

74°C. 

98 °C. 
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of “surface moisture” only, when the amount present is small and the 
material is non-hygroscopic in character, 2 to 4 hours drying time was usually 
sufBcient; (2) for the removal of “surface moisture” from matenals ot a 
hygroscopic nature, overnight drying (16 to 24 hours) may be required, (5) 
drying over sulphuric acid for removal of water of hydration was generaUy 
unsatisfactory, either because of incomplete dehydration or because of the 
time involved. It is recommended that substances dried at normal pressure 
and high temperatures should, in many cases, be dried at 105°C. rather than 
at 100°C. With drugs such as acacia and sterculia gum, the particle size 
was found to influence the loss on drying to a considerable extent, indicating 
that definite specifications for particle size as well as for temperature and 
time of drying were necessary; thus losses ranged from 10-2 to 14-4 per cent, 
on the same sample when reduced to different particle sizes. In vacuum 
drying, the working pressure is important, since greater losses are obtained 
with a low vacuum. It is recommended that vacuum drying should be 
canied out at a pressure of less than 5 mm. Hg. Tables are given covering 
over 1,000 recommended drying conditions; for U.S.P, Xlll drugs; for the 
methods of drying applicable in general tests and analytical processes; and 
for the methods of drying applicable to U.S.P. XIII reagents. Methods of 
drying are similarly given for drugs, processes, and reagents of the N.F. VIII, 
following the principles outlined above. Graphs are included, showing the 
loss on drying with time of aoetophenetidin, cotarnine chloride, emetine 
hydrochloride, sulphathiazole, digitalis, stibophen, ovary, and liquid glucose, 
under varying conditions. R- E. s. 


Morphine, Ammoniacal Zinc Ferrocyanide Solution as Reagent for. 
G. Deniges. (Bw//. Soc. Pharm. Bordeaux, 1947, 85, 29) The reduction 
of femcyanide by morphine’, with subsequent formation of Prussian Blue, 
forms a familiar test for the alkaloid. Owing to 'the strong colour of ferric 
ferricyanide, the reaction is not very sensitive and cannot be employed quanti- 
tatively. These objections are removed by employing :dnc in place of iron 
to detect the ferrocyanide formed. The reagent is prepared by mixing 
immediately before use, equal volumes of a 6 per cent, solution of potassium 
ferricyanide (free from ferrocyanide) and of a solution of 2-5 g. of zinc 
sulphate in 50 ml. of water to which is added 20 ml. of ammonia. A few 
drops of this reagent is added to about 1 ml. of the solution to be tested, 
when in presence of morphine a turbidity or precipitate appears in a short 
time, and may be estimated nephelometrically. The method may be applied 
to any clear preparation of morphine, even if coloured. G. M. 


O.vydimorphine in presence ot Morphine, Determination of, N. Thorn 
and A. A gren. {Svensk. /arm. Tidskr., 1949, 53, 33, 49.) Both morphine 
and oxydimorphine give colours with aromatic aldehydes in presence of 
^phuric acid, but in the former case the extinction is very small at 600/^. 
the method described below may be used for the determination of oxydi- 
morphme formed in solutions of morphine after storage or sterilisa- 
lon. or the test, 0-50 ml. of the solution to be tested is transferred to a dry 

^ 1-0 g- vanillin in 

Slovvlv reagent must be added 

is stirred with a cooling. The mixture 

then coolers, r,®* - in a water-bath for 20 minutes and 

difference^ in the extinct 'n ^ morphine of the same concentration. The 
extinctions is measured at 600 m.u. The official solwnt ot 
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Boric Acid, Estimation of Minute Amounts of. N. Trinder. 
{Analyst, 1948, 73, 494.) Conditions have been worked out for the deter- 
mination of small amounts of boric acid using the dyes alizarin blue S and 
the unsulphonated dye base of Solway purple (Colour Index No. 1073). 
Alizarin blue S in strong sulphuric acid changed in colour from purple to 
brown to green. The final concentration of sulphuric acid for this dye is- 
important, a high acidity being needed. Alizarin blue S is only half as 
sensitive as the base of Solway purple but it has the advantage that it is 
stable in sulphuric acid solution and, except for fluorides and nitrates, is 
unaffected by the presence of large amounts of impurities. The base of 
Solway purple gives a colour change from pale yellowish-green to deep 
blue. It has the disadvantage that it sulphonates slowly to a blue compound 
at high sulphuric acid concentrations and gives a slight colour change if 
comparatively large amounts of manganese are present. It has the 
advantage that it is twice as sensitive as alizarin blue S and the dye colour 
deepens progressively over a wide range of boric acid concentrations. The 
most suitable dye for use in any particular determination will depend on 
the impurities present and the concentration of borate. Details are given 
of the methods using both dyes, the colour estimations being made using a 
Spekker absorptiometer with Ilford violet filters (No. 601) for alizarin 
blue S and Ilford Yellow filters (No. 606) for the unsulphonated dye base 
of Solway purple. r. e. s. 


Drying Conditions. A Study of U.S.P. Xni and N.F. Yin. N. L. D e a h 1, 
J. L. Powers and M. W. Green. (Bull. Nat. Form. Comm., 1948, 16, 
153.) The results of investigations on the drying conditions of over 1,000 
substances contained in the U.S.P. Xin and N.F. VIII are given. Attempts 
were made in the work to standardise on a few different temperatures and 
conditions which were consistent with accurate and reproducible results. 
Another object was to establish the temperature and the time required for 
the drying of a large class of substances which are at present dried to “ con- 
stant weight.” Where substances gave identical results when dried under 
a wide range of conditions, the easiest and most acceptable laboratory pro- 
cedure was recommended; weighings were made to within rfcO'l mg., 
weighing bottles after removal from the ovens were cooled in desiccators 
over calcium chloride until they reached room temperature (kept constant 
at 25°C.); drying over sulphuric acid was done at 25°C. and vacuum drying 
was carried out at a pressure of less than 1 mm. Hg.; the temperature of 
drying was controlled to within ± 1°C. of the desired temperature; other pre- 
cautions taken followed the directions of the U.S.P . XIII; dryings were 
carried out on two or more samples of each substance. In general drying 
was carried out wherever possible under "standard conditions as follows: 
(I) at 60°C.; (2) at80°C.; (3) at 105“C.; (4) at 120“C.; (5) at 150 C; (6) over 
sulphuric acid at room temperature; (T) in vacuum. The followmg general 
results are recommended for drying over sulphuric acid: (I) for the removal 
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Bacitracin, the antibiotic produced by the groivdh of the “ Tracy I ’ strain of 
Bacillus subtiUs w-as studied to ascertain its stability in vanous pharma- 
ceutical preparations. It was found to parallel penicillin quite closely in its 
stabiliU', or lack of it, v.-ith various substances. The drj’ substance was quite 
stable at 37'C., but showed definite decomposition at o6'C. " 

dK:oniposition occurred within 48 hours. Within a pH range of ^ » 

aqueous solutions of bacitracin, with or without buffers, were stable for 
several months at refrigerator temperature, but lost about 50 per cent, of 
their activity in a week at room temperatures. Ointments prepared 
anhydrous fattj’ bases showed good stability at room temperature, but 
attempts to prepare a stable water-miscible ointment were unsuccessful. A 
lozenge and a powder containing ephedrine for the preparation of nasal 
solutions were shown to be stable. Assay' w'as by the cylinder-plate method 
using Staphylococcus aureus or Micrococcus flavus. G. R. K. 


IroctobaciHus casei. Growth Factors for. F. W. Chattaway, D. E. 
Dolby and F. C. Happold. (Biochem. J., 194S, 43, 567.) "nie con- 
centration and separation from liver of further factors promoting acid 
production by Lactobacillus casei are described. Importance is attached to 
the preparation of the casein digest used in the growth medium as some pro- 
cesses do not remove appreciable L. casei activity. Grow'tb factors insoluble 
in saturated baryta were separated from the crude liver extract together with 
at least three factors soluble in saturated ban'ta and in silver nitrate at pH 
TO; these consist of a filtrate fraction which is not adsorbed on alumina at 
pH 3. and two fractions which are adsorbed, one of which is eluted with 
a 20 per cenL v/v solution of methyl alcohol or water and the other 
with 0-5 per cent, w/v solution of ammonia. The three latter 

components have properties dissimilar to both pteroyl glutamic acid 
and the folic acid of Mitchell et aJ. (1941). The greatest concen- 
tration of folic acid-like material was found in the silver salts 
insoluble at pH I (from the baryda-soluble material) which contained none 
of the components discussed above. The differential action of ninhydrin and 
nitrous acid, and of esterification and acetylation, upon the acthity' of the 
material eluted by a 2 per cent w’/v solution of ammonia for Streptococcus 
fcEcalis R. and L. casei, confirms that there are tw'o components present in 
this material. The fact that the above chemical treatment affects the filtrate 
fraction and the bary'ta-insoluble fraction dissimilarly to one another, and 
to tae above ammonia-eluate material, is evidence that four separate and 
distinct factors are present. r 


Penicillin Activity in eitro, Enhancement by \qtainin K5. Robertson 
101 P ^ ® f ^ ® n o y and P. P. T. S a h. (/. Amer. pharm. Ass., Sci. Ed., 

a a ’ addition of vitamin (2-methvl-4-amino-l-naphthol 

nvdrochlonde) in concentrations of 0-1 to 10 mg./l. enhances the effect of 
pencilUn against Staphylococcus aureus, Proteus vulgaris and Escherichia 
coll as measured by the cup plate method to a greater extent than would be 
expected from the sum of the activities of the two components actin" 
tion of R T'a enhancement depended on the concentra! 

A. X., 

Buck waiter 

son. (J. Amer. pharm. Ass., Sci. Ed., 19^18, 37, 472.) 
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the. Swedish Pharmacopoeia for morphine injection contains 5 per cent, of 
glycerol and 15 per cent, of alcohol, and the method may be applied directly 
to such solutions, but the extinction is somewhat different, as shown by the 
table below. 


O.xydimorphine in solution 
per cent. 

Extinction 

in water 1 

in dilute glyccrol-alcohol 

0-2 1 

0-190 i 


0-4 

0-372 

0-315,0-325 

0*6 1 

0-530,0-549 

0-456,0-463 

1-0 1 

1 

0-894,0-907 

0-814,0-844 


G. M. 


Procaine Penicillin G, Spectrophotometric Determination of Procaine 
in. C. V. S t. J o h n. (J. Amer. pharm. Sci. Ed., 1948, 37, 343.) Weigh 
accurately approximately 50 mg. of procaine penicillin G and transfer to a 
100 ml. volumetric flask. Dilute to volume with distilled water and shake until 
completely dissolved. Transfer 5 ml. of this -dilution to a 250 ml. volumetric 
flask, dilute to volume, and measure the optical density of the resulting 
solution at 290p, against water in the reference cell. Obtain the concentra- 
tion of the solution by calculation from an extinction coefficient determined 
on a sample of pure procaine hydrochloride or a sample of pure procaine 
penicillin G analysed by the chloroform shake-out titrimetric procedure. 
The accuracy of the method compares very favourably with that of the 
conventional method. Care must be taken, .however, to clean the cells 
frequently with dichromate-sulphuric acid cleaning solution and to make 
careful adjustment of the instrument. Cell calibration should also be 
checked. The arithmetical average of the readings for several adjustments 
of the instrument on each of two fillings of the cell should be taken. 

s. L. w. 


BIOCHEMISTRY 

GENERAL BIOCHEMISTRY 

Anti-Pemicious Ansemia Factor, Presence of Cobalt in. E. Lester 
Smith. (Nature, 1948, 162, 144.) The use of the borax bead test and the 
specific red colour reaction with nitroso R salt reveals the presence of cobalt 
in the ash of the anti-pernicious anaemia factor recently isolated as red 
needle-shaped crystals. The crystals, dried in vacuo at 56 C contain 4B per 
cent, of cobalt, estimated colorimetncally with a-nitroso-^e-naphthok 
Assuming 8 per cent. loss on drying and one atom of cobalt per . 

this corrwponds to a molecular weight of 1,600, in agreement with the result 
1 500 to L750) obtained by X-ray crystallography. The Afferent ^ 

weight (3 000) found by diffusion may be due to errors in the method, impure 
material or possibly association in solution. The molecule also contains 
three atoms of phosphorus. American workers have ^onRrmed the prwence 
of cobalt and phosphorus in vitamin isolated by 

... .. /-> r' n rt R E HimcHck and 

Bacitracin, Stability of. G. C. , - • 30.) 

L. H. Macdonald. (/• Amer. pharm. Ass.. Sa. Ed.. 194y, iJ.) 
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Obtained which gave -86-1'’ (1 per cent, in water) and 

C,,H3sN-Oi:, 3HCL men assayed with Klebsiella pneiimoiuee m a br^h- 
diiution test, the trihydrochloride dihydrate had a potency of r. 
and on this basis the anhydrous material would have an activity ot »9t 
units/mg. The trihydrochloride of raannosidostreptomycin cry'stauisea in 
the form of isotropic hexagonal plates. By means of the counter-curren 
distribution method, this material was also shown to be a sin^ r? m n 
to be free of streptomycin. Drying at 55°C. in racuo gave 
3HC1,2H,0; at 100°C. in vacuo analysis showed C;^H„N 30 i-, 3 HCl, [a] ^ 

-54-r (1 per cent, in water), men assayed with X. pneumonice in a broth- 
dilution test, the anhydrous marmosidqstreptomycin had a potency' of ca.-lO 
units/mg. ^ 

Vitamin A in ‘Whale-liver Oil, Chromatographic Estimation of. N. T. 
Gridgeman, G. P. Gibson and J. P. Savage. (Analyst, 1948, 73, 
662.) The method given is based on the fact that the main components of 
the unsaponifiable fraction of whale-liver oil are selectively adsorbed on 
weakly active alumina in the order; anhydro-vitamin A<oxidised vitamin A 
<vitamin A(alcohoI)<kitol<sterols<selachyl alcohoL The techmque con- 

sisted of depositing the material on the column from a non-polar solvent 
and then developing and eluting the chromatogram with solvents of progres- 
sively increasing polarity; the eluate was collected fractionally and Can- 
Price spot tests were used to identify' the vitamine A portions, from which 
aliquots were bulked for spectrophotometric estimations. A quantity 
(approximately 0-35 to 0-40 g.) of the unsaponifiable fraction in light 
petroleum was used for chromatography and 25 ml. quantities of fight 
petroleum-ether mixture were used to elute the fractions, the proportion 
of ether being gradually increased in each succeeding fraction. The eluate 
was collected in 5 ml. fractions and a few drops of solution from individual 
. tubes were tested with Can-Price reagent to establish the range of tubes 
containing the vitamin. The tubes conesponding to the zone below the 
vitamin A usually give a reddish-purple colour with the reagent; while those 
conesponding to the zone above the vitamin gave a bluish-purple or 
greenish-purple colour. Both these colours are readily distinguished from the 
bright blue of the ritamin A solution. Moreover, in a good chromatogram, 
the set of vitamin A tubes will be separated at either end from the sets 
containing the adjacent zones by one of two tubes whose eluate content is 
almost nil; these conespond to the inter-zone regions in the chromatogram 
and will give only a faint coloration with the Carr-Price reagent. Aliquots 
drawn from those tubes showing vitamm A reaction w'ere pooled, diluted 
with cyclohexanol and E{ ^ 326 to 328/i was measured ; if the 

fraction is pure, the maximum of the absorption curs’e wUl lie between 326u 
and 328u, E 300it /£?_., will be not more than 0-63, and E 360u.//~^^ not 
more than 0-35. Details are given of the full analysis fay this method of 
a sample of whale-fiver oil. The method could be extended to more 
normal oils. Chromatography of the unsaponifiable matter of a shark liver 
oil, a nu-xed fish-liver oil diluted in vegetable oil, a distilled vitamin A ester 
concentrate, and a cod-fiver oil, showed that of the total absorptions at 
3_ II (on the whole oil for the first three samples and “ via unsap.” for the 
on following fractions were due to vitamin A: 85, 92, 91 and 

Recovery experiments on vitamin A acetate dis 

97 to 99 per cent 



ABSTRACTS 


In this preliminary report the authors describe experiments which show that 
peanut oil-aluminium stearate gels are superior to peanut oil or peanut oil- 
beeswax combinations as repository forms for penicillin. j. w. F. 

Penicillin G Sodium in Aqueous Solution, Stability of. T. J. Macefc, 
E. J. Hanus and B. A. Feller. (J. Amer. pharm. Ass., Sci. Ed., 1945, 
^^2.) Solutions of crystalline sodium benzylpenicillinate (penicillin G 
sodium) in water lost 50 per cent, of their activity in about 2 days at 25''C. 
and in about 16 days at 10°C. The rate of decomposition was unchanged 
when normal saline solution and 5 per cent, dextrose solution were the 
solvents, and was independent of the initial concentration. It was also 
observed that the pH of the solutions fell from pH 6 to pH 4 in about the 
time required for 50 per cent, decomposition, but thereafter rose to about 
pH 4'5, the rise being attributed to the decarboxylation of benzylpenicUloic ' 
acid. The greater stability of solutions of partly purified penicillin sodium 
suggested that the process of purification removed substances capable of 
acting as buffers and preventing the rapid fall in pH, which accelerates' 
•the rate of decomposition. By adding various phosphate and citrate buffers 
to maintain the pH at about 6*0, the stability of solutions of sodium benzyl- 
penicillinate was increased so that at 25 °C. the time for 50 per cent, decom- 
position was 15 days and at I0°C. solutions still had 75 per cent, of their , 
original activity after 56 days. The stabilising effect was shown to be due 
to the buffering action of the phosphate or citrate ion and not to a specific 
ion effect ; it was also shown to increase with increase in the concentration 
of the buffer mixture. g. r. k. 


Streptomycin, Degradative Studies on. M. L. W o 1 f r o m and W. J. 
P o 1 g 1 a s e. (J. Amer. chein. Soc., 1948, 70, 2835.) An inactive product 
was obtained by degradation of dihydrostreptomycin; this, when acetylated 
with pyridine and acetic anhydride gave crystalline CuH-^OisNj. 
(CHsO (COCH 3 )j<,.a) m.pt. 261-5° to 262-5°C. [a] -84 (c, U water). 

Methanolysis of (I), designated deca-acetyldideguanyldihydrostreptomycin 
with subsequent reacetylation yielded hexa-acetylstreptamine, transition point 
250°C. m.pt. 341 to 345°C., and methyl penta-acetyldihydro-a-L-streptobios- 
amide, m.pt. 194 to 195°C., unchanged on admixture with a specimen pre- 
pared from dihydrostreptomycin trihydrochloride, [a] —120° (c,0.5; 

chloroform). (I) was found to be readily soluble in methyl alchohol, wafer and 
hot ethyl alcohol, sparingly so in chloroform, ethyl acetate and ethyl alcohol, 
and insoluble in benzene and ethyl ether. Aqueous solutions of N,N,N- 
tetra-acetyldideguanyldihydrostrepComycin (II), N^,N^,-diacetyl streptamine 
(TIT) and N-acetyldihydro-a-L-streptobiosaminide were prepared by partial 
deacetylation of the aforementioned acetyl derivatives with 0-05N sodium 
hydroxide in water-dioxane. Treatment with periodate showed the presence 
in II of an a-glycol which is not in III, and this a-glycol is present in the 
streptamine moiety of II. The presence of such a glycol group indicates 
that streptobiosamine is attached at C4 of streptidine, thus confirming the 
result of Folkers. 

Streptomycin and Mannosidostreptomycin, Crystalline Trihydrochlondes 

of. L. J. He u s e r, M. A. D o J 1 i V er and E. T. S t i 1 1 e r. (J. Amer. chem. 

Soc., 1948, 70,2833.) Crystalline streptomycin trichloride dihydrate has been 
prepared as monoclinic prisms showing birefringence. On heating, gradual 
decomposition without melting took place. Drying at 55 C. in lacito S^'e 
C2 iH39Nj 0,„3HCI,2H20; after drying at 100°C. in vacuo a substance was 
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Obtained which ga^-e W -86-1° (1 per cent, in water) and 

C..H,oN:Oi:3HCL XSTien assayed with Klebsiella pneiimoiuit m a broth- 
dEudon test,' the trihydrochloride dihydrate had a potency of S-0 uniUjmg. 
and on this basis the anhvdrous material would have an activity ot J>yi 
unitsfmg. The trihydroohioride of mannosidostreptomycm crj’StaUised m 
the form of isotropic hexagonal plates. By means of the counter-current 
distribution method, this material was also shown to be a sin^ 
to be free of streptomycin. Drying at 35 'C. in vacuo gave 
3HC13H,0; at 100"C. in vacuo analysis showed CUtH^sN^Oi-pHCl, [a] 

-54-1° (1 per cent, in water). \STien assayed with K. pneumonia: in a broth- 
dilution test, the anhydrous mannosidpstreptomycin bad a potency of cfl.210 
imi(s/mg. R. E. s. 


Thamin A in BTiale-Liver Oil, Chromatographic Estimation of. N. T. 
Gridgeman, G. P. Gibson and J. P. Savage. (Analyst, I94S, 73, 
662.) The method ^ven is based on the fact that the main components of 
the unsaponifiable fraction of whale-liver oE are selectively adsorbed on 
weakly active alumina in the order; anhydro-vitamin A<oxidised sitamin A 
<vitaminACalcohol)<kitol<sterols<selachyl alcohol. The technique con- 
sisted of depositing the material on the column from a non-polar solvent 
and then developing and eluting the chromatogram with solvents of progres- 
sively increasing polarity; the eluate was collected fractionally and Carr- 
Price spot tests were us^ to identify the vitanune A portions, from winch 
aliquots were bulked for spectrophotometric estimations. A quantity 
(approximately 0-35 to 0-40 g.) of the unsaponifiable fraction in li^t 
petroleum was used for chromatography and 25 ml. quantities of light 
petroleum-ether mixture were used to elute the fractions, the proportion 
of ether being gradually increased in each succeeding fraction. The eluate 
was collected in 5 ml. Actions and a few drops of solution from individual 
. tubes were tested with Carr-Price reagent to establish the range of tubes 
containing the vitamin. The tubes corresponding to the zone below the 
ritaniin .A usually ^ve a reddish-purple colour with the reagent; while those 
corresponding to the zone above the vitamin gave a bluish-purple or 
greenish-purple colour. Both these colours are readily distinguished from the 
bright blue of the vitamin solution. Moreover, in a good chromatogram, 
the set of vitamin A tubes w’ill be separated at either end from the sets 


containing the adjacent zones by one of two tubes whose eluate content is 
almost nil; these correspond to the inter-zone regions in the chromatogram 
and will give only a faint coloration with the Carr-Price reagent. Aliquots 
drawn from those tubes showing vitamin .A reaction ware pooled, diluted 
with cj'clohexanol and E} 326 to 328ft was measured ; if the 

fraction is pure, the maximum of the absorption curve will lie between 326,u 
and 32S}u E SOOu/E/.,^ will be not more than 0-63. and E 360u/)_., not 
more than 0-35. Details are given of the full analysis by this method of 
n sample of whale-liver oE. The method could be extended to more 
normal oils. Chromatography of the unsaponifiable matter of a shark liver 
o . a nu-xed fish-liver oil diluted in vegetable oE. a distilled vitamin A ester 
concentrate, and a cod-liver oil, showed that of the total absorptions at 
cod’r . ^ whole oil for the first three samples and “ via unsap.” for the 
-liver oE) the following fractions were due to vitamin A: 85, 92. 91 and 
soiLh Recovery' e.xperiments on vitamin A acetate dis- 

, 'egctable oil and in dolphin oil gave results of 97 to 99 per cenL 
on the unsaponifiable fractions. . „ ^ f 
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In this preliminary report the authors describe experiments which show that 
peanut oil-alumimum stearate gels are superior to peanut oil or peanut oil- 
beeswax combinations as repository forms for penicillin. j. w. F. 

Penicillin G Sodium in Aqueous Solution, Stability of. T. J. Mace k, 
E. J. Hanus and B. A. Feller. iJ. Amer. pharin. Ass., Sci. Ed., 194Z, 
37, 322.) Solutions of crystalline sodium benzylpenicilUnate (penicillin G 
sodium) in water lost 50 per cent, of their activity in about 2 days at 25‘’C. 
and in about 16 days at 10°C. The rate of decomposition was unchanged 
when normal saline solution and 5 per cent, dextrose solution were the 
solvents, and was independent of the initial concentration. It was also 
observed &at the pH of the solutions fell from pH 6 to pH 4 in about the 
time required for 50 per cent, decomposition, but thereafter rose to about 
pH 4-5, the rise being attributed to the decarboxylation of benzylpenicilloic 
acid. The greater stability of solutions of partly purified penicillin sodium 
suggested that the process of purification removed substances capable of 
acting as buffers and preventing the rapid fall in pH, which accelerates 
•the rate of decomposition. By adding various phosphate and citrate buffers 
to maintain the pH at about 6-0, the stability of solutions of sodium benzyl- 
penicillinate was increased so that at 25°C. the time for 50 per cent, decom- 
position was 15 days and at 10°C. solutions still had 75 per cent, of their 
original activity after 56 days. The stabilising effect was shown to be due 
to the buffering action of the phosphate or citrate ion and not to a specific 
ion effect ; it was also shown to increase with increase in the concentration 
of the buffer mixture. o. R. k. 

Streptomycin, Degradative Studies on. M. L. W o 1 f r o m and W. J. 
Polglase. (J. Amer. chem. Soc., 1948, 70, 2835.) An inactive product 
was obtained by degradation of dihydrostreptomycin; this, when acetylated 
with pyridine and acetic anhydride gave crystalline CusH.iOioNa. 
(CHsO (COCH3)io-a) m.pt. 261 •5“ to 262-5°C. [o] _84 (c, ]; water). 

Methanolysis of (I), designated deca-acetyldideguanyldihydrostreptomycin 
with subsequent reacetylation yielded hexa-acetylstreptamine, transition point 
250°C. m.pt. 341 to 345°C., and methyl penta-acetyldihydro-a-L-streptobios- 
amide, m.pt. 194 to 195°C., unchanged on admixture with a specimen pre- 
pared from dihydrostreptomycin trihydrochloride, [a] ^ —120° (c,0.5; 

chloroform). (I) was found to be readily soluble in methyl alchohol, water and 
hot ethyl alcohol, sparingly so in chloroform, ethyl acetate and ethyl alcohol, 
and insoluble in benzene and ethyl ether. Aqueous solutions of N,N,N- 
tetra-acetyldideguanyldihydrostreptomycin (II), N’,N®,-diacetyl streptamine 
(HI) and N-acetyIdihydro-o-L-streptobiosaminide were prepared by partial 
deacetylation of the aforementioned acetyl derivatives with 0-05N sodium 
hydroxide in water-dioxane. Treatment with periodate showed the presence 
in II of an a-glycol which is not in HI, and this a-glycol is present in the 
streptamine moiety of II. The presence of such a glycol group indicates 
that streptobiosamine is attached at C4 of streptidine,' thus confirming t e _ 
result of Folkers. 

Streptomycin and Mannosidostrcptomycin, Crystalline Trihydrochlondes 
of. L. J. H e u s e r, M. A. D o 1 1 i V e r and E. T. S t i 11 e r. (J-/>r,er. clmiu 

Soc., 1948, 70,2833.) Crystalline streptomycin trichloride dihydrate has w 
prepared as monoclinic prisms showing birefringence. On heating, “ 
decomtxisition without melting took place. Drying at 55 C. 
C2,H39N,0,33HCI,2H30; after drying at 100°C. in vacuo a substance 
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containina inactivated materials interfere and concentrations of penici^ X m 
excess of 1 per cent, ssill inralidate the results. Infra-red of t^ mdi- 

\-idual penicillins is theoreticaUy the ideal method, as the infe-red spec^m ot 
any subtance is unique. Unfortunately serious practical difficidties anse; me 
penicillin may contain impurities or inacth’ated materials which have absorption 
bands in the same position as the bands used for analysis, the pemcilto may so 
be in the form of a salt which is insoluble in all the solvents that are o use 
in infra-red measurements, and degradation may' occur when convertmg it 
to the free acid and transferring to a suitable dry' solvent. The effect of crystm 
structure is not known and a separate calibration may' be necessary’ 'U’lth . 
amorphous material, and it is not easy to measure lo- intensity' of 
'mcident radiation. A suitable internal standard, generally ri/-alanine, m 
known concentration has to be mixed with the penicillin. The ratio R=log 
0o/I)j(jjlog/(T,j/I)g5j is determined for penicillin G, where lo and I are the 
intensities of incident and transmitted radiations respectively at both 703 cm. 
and 851 cm.'*. A calibration cur\-e R against percentage of penicillin G is 
plotted by diluting the pure penicillin G with magnesium oxide; results using 
this cune have an accuracy of i 2 per cent. For other penicillins different 
bands are used. t- 


Salicylate in Blood, Flnoropholomefric Method for the Estimation oL 
A. S a'ltzm an. (A biol. Chem., 1948, 174, 399.) One mk of oxalated or- 
citrated plasma is shaken in a test-tube with 9 mL of a freshly prepared 
mixture of 1 volume of a 10 per cent, solution of sodium tungstate and 8 
volumes of N/12 sulphuric acid, and the precipitated proteins are filtered off 
after 10 minutes. To 5 ml. of the filtrate 7 ml. of sodium hydroxide solution 
per cent) is added and the mixture is placed in a fluorophotometer. The 
fluorescence is directly measured within 30 minutes using the same filters 
as in the vitamin determination. The values are read off a standard 
reference curs'e, plotted by adding varying amounts of a standard salicylate 
solution, containing 1-16 mg, of sodium salicylate in 12 ml. of water to a 
reagent blank mixture, consistiug of 5 ml. of tungstic acid and 7 ml. of 
sodium hy droxide solution (40 per cent.). These values must be multiplied by 
2 to correct for the dilution. Salicylate concentrations of 1 to 2 mg. in 100 
ml. are detectable, and both free and combined salicylate is determined. A 
modification of the ethylene dichloride method for determining salicylate 
concentration in the blood is also described. L. h. p. 


Streptomyifin B, Chemical Assay of. W. B. Emery and A.' D. 
Walker. {Nahire, I94S, 162, 525.) The use of 0-2 per cent, anthrone, a 
reducfion product of anthraquinone, in 95 per cent, sulphuric acid is described 
for distinguishing streptomycin B (a mannoside) from streptomx'cin A; it can 
also be used for estimating the former in a mixture. The re^ts obtained 
are in arcord with those calculated from biological and chemical assavs 
making the accepted assumption about the relaUve bioloaical activities of the 
tno steptomycms. The glucosamine moieu-, present in both molecules, does 
not react mth the reagent, » p c 


Diacetyl Reaction for the Estimation of 
y. R. Wheatley. {Blochem.J., 1948, 43. ago.) The enhan^SS of 
a number of subsUmces on the diacetyl-urea reaction has b“en studi^ 

p„d„crf an in, an,; XV 
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Folic Acid, Polarographic Detenidnation of. W. J. M a d e r and 
H. A. Fr ediani. (Anal. Chem., 1948, 20, 1199.) The deteri^ation of 
folic acid can be made quantitatively and rapidly. The sample is dissolved 
in 1 per cent, tetramethylammonium hydroxide solution containing cadmium 
chloride as internal standard with sufficient ammonium chloride to prevent 
precipitation of the cadmium from alkaline solution. A polarogrann of this 
solution yields two clearly defined waves, one at 0-74 volt (against the 
saturated calomel electrode) for the cadmium, and one at 0-98 for the folic 
acid. With known folic acid concentrations (and fixed cadmium concen- 
tration) a straight line results on plottjng the step-height ratios of cadmiurn- 
folic acid against folic acid concentration using log log coordinates. Repli- 
cate runs on a fixed sample indicated a reproducibility of ± 2 per cent, if 
the drop rate was controlled within 0-7 second, and the temperature within 
10°C., variations which exceed the conditions ordinarily encountered in an 
analytical laboratory. The diffusion current constant as defined by Lingane 
was calculated to be 1-72. It was found more convenient to utilise the ratio- 
concentration curve and thus to read off sample concentrations directly m 
mg. /ml. than to calculate sample concentrations. The method could be 
applied to folic acid tablets and to tablets with vitamin Bg added, but could 
not be used in the presence of iron. 


Penicillin, Spectroscopic Estimation of. G. H. T w i g g. {Analyst, 1948, 73. 
211.) The author has reviewed various applications of ultra-violet and mtra- 
red spectroscopy for the estimation of total and individual penicillins, and 
has discussed the limitations of these methods. The aim of spectroscopy is 
to discover in the absorption spectrum a band which is charactensfic ot eac 
penicillin molecule as a whole. This is not attained in practice and the absorp- 
tions arising from separate parts of the molecule have to be used. Sucn a 
procedure may provide an estimate of total penicillin, but it leads to tunaa- 
mental difficulties in assaying individual penicillins; impurities and deactivate 
penicilUn products may contain similar molecular groupings and th^ nave, 
bands almost identical with those of the pemcillins. It is, therefore likely 
spectroscopic estimation of individual penicillins can only be applied to m 
pure material. The ultra-violet analysis of total peniciUm ^lepen^ on 
development of an absorption band at 3220 A when an a^eous soluU^n o 
penicilUn is treated with acid under standard conditions. band whi^h 

due to an intermediate product, disappears after a ume and the readi g 
be taken at its maximum intensity. The method can be nsed with impure 

material and gives an accuracy to withm 5 analysis 

estimation are probably more speedy and accurate. The 
of penicillin G depends on the development of absorption ban^ m ul 
viofet spectrum due to the phenyl group. Two methods have been de I P d 

rSTion a. • SSo a ° "“r pSS 
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were prepared and tested for curate-like activity on the phrenic-nerN'e dia- 
phragm preparation of the rat (n = number of carbon atoms in the ^ly- 
methylene chain); — hfs-trimethylammonium series, 3, 4, 5, 7, 8 , 9, 

10, n, 12 and 13; hw-triethylammonium serib, n = 2, 3, 4, 5, 7, 8 , 9, 10 and 
13; hfs-stiychninium series, n = 2, 3 and 5; 6 i 5 -quinoliruum series, n = 3 , 5 
and 10; 6 fs-(phenyIdimethylatninonium) series, n = 3 and 5, In the ois- 
trimethyl series, the salt nith n = 2 is about trvice as active as tetramemyl- 
ammonium iodide; salts with n = 3. 4 or 5 are only feebly active; activity 
increases from n = 7 to n = 9; salts with n = 9, 10, 11 arid 12 are about 
5 to 6 tim^ as active as tetramethylammonium. In the 6 is-triethyl senes, 
salts with n = 2 or 3 are relatively inactive; activity increases from n == 4 
to n = 13. None of the members of the other three series was so active 
as the most active members of the hfr-trimethyl series. In the rabbit head- 
drop test the iir-trimethyl member with n = 9 was nearly as active as 
tubocurarine chloride; the member with n = 10 was about 3 times as 
active. The his-triethyl member with n = 13 was about two-fifths as active 
as tubocurarine. Some his-onium salts augment the response of the rat 
diaphragm to maximum stimuli and inhibit the cholinesterase of caudate 
nucleus (dog). The sensitivitv' of the rat diaphragm to h/s-onium salte 
differs greatir’ from that of the rabbit, and the rat diaphragm is less sensi- 
tive to methylstrychninium and more sensitive to tetramethylammonium 
iodide than the frog’s sartorius. suggesting that synthetic curare-like drugs 
ought to be tested on a varietj’ of species. s. L. W'. 


PHARMACY 

DISPENSING 


Fatty Oils, Neutralisation of, for Injection. C. G. van Ark el and 
1. 3. M. V a n S o n s b e e k. {Phami. WeekbL. 1949, 84, 70.) Neutralisation 
of fatty oils is sometimes carried out by shaking the oil with excess of 
calcium or magnesium oxide, possibly with the addition of a trace of 
alcohol. The method was found effective in reducing the natural acid value 
of an oil from 0-32 to 016 (with magnesia) or 0-09 (with lirne). Traces of 
these metals could be detected in the neutralised oils. ViTien using an oil 
to which fatty acid had been added to give an acid value of 9-63, it was 
found necessary to add water in order to obtain a satisfactory result, but 
too much water causes formation of emulsions and difficulty in filtration. 
The dissolved metal amounted to, for magnesium 0-2 rog./105 ml., and for 
calcium, 6-5 mg./lOO ml. If, however, the filtration is carried out with the 
aid of heat, larger quantities are dissolved. It is concluded that the method 
of neutrahsation with soda is to be preferred on account of greater reliability 
and the possibility of filtration at a raised temperature. G. M. 


Penjcillin Ointment, Stability of. S. H. C u 1 1 e r. (/. Amer. phami. 
.dsr., Sci. Ed., 1948, 37. 370.) A number of penicillin ointments, using various 
tjpes of bases, with sodium, potassium, and calcium salts of varying degrees 
of potency were prepared. These ointments were stored in collapsible tin 
tubes at room and refrigerator temperatures and assayed from time to time 
to determine the stability of the penicillin. It was found that impure sodium 
I.U./mg.) is very unstable in an aqueous or a nomaqueous 
ter-ri^ible ointment base and has only limited stability in an anhydrous 
penicOIin (500 to 650 I.U./m's.) is much more 

( 5S3 S 16*"l bigb potency 

tibbJ to 16-0 I.U./mgj crystalline sodium or potassium salts ar; e^al if 
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N-phenyl anthranilic acid was studied in detail and adopted for the estimation 
of urea in blood. Investigations of the reaction conditions were made 
involving a study of the quantities of reagent used, the time of heating, the 
development of the colour and the specificity of the reaction. Calibration 
and absorption curves are given for the reaction colour, which obeyed Beer’s 
law up to a urea concentration of 20 jig./ml. Under the conditions prescribed 
ammonia,, histidine, tyrosine, cystine, caffeine, uric acid, barbiturates, 
acetamide, asparagine, creatine, sulphonamides and thiouracil all give negative 
reactions. Proteins and monosubstituted ureas give red colorations; semi- 
carbazide gives a magenta colour similar to that obtained with urea, while 
biuret gives a brown colour. Creatinine gives a positive reaction, but 
fortunately the sensitivity in this case is only one hundredth of that with 
urea, so that creatinine will not interfere with the estimation of urea in 
biological fluids. The method showed fairly good agreement with the mano- 
motric hypobromite method except that in 10 per cent, of cases errors of 
8 to 10 mg./ 100 ml. were obtained. The estimation can be performed with 
as little as 0-2 ml. of blood and compares favourably with other colorimetric 
urea determinations, although it is not sufficiently accurate for urea clearance 
tests. • R- E- S' 


CHEMOTHERAPY 

Fungistatic Activity and Structure in a Series of Simple Aromatic Com- 
pounds. G. W. K. Cavill, J. N. Phillips and J. M. Vincent. 
(/. Soc. chem. Ind., Land., 1949, 68, 12.) Derivatives of benzene are assessed 
for activity against Aspergillus niger. For comparison, the logaritto of the 
reciprocal of the millimolar .concentration giving 50 per cent, inhibition is 
used to express fungistatic activity. In the case of ionised substances, this 
is calculated relative to the un-ionised form as there is some evidence that 
the ionised forms are not so active fungistatically. Benzene and toluene 
have a small activity, aniline, benzoic acid, phenol and nitrobenzene are less 
active, but chlorobenzene is more active. Saturated compounds are con- 
siderably less active than the corresponding aromatic substances. In general, 
halogen substitution increases activity. Substitution of aniline, benzoic aci 
or phenol with hydroxyl or amino groups nearly always reduces activity, 
except that -OH substituted ortho to carboxyl groups increases acUvity 
slightly. Meta or para substitution of a carboxyl group in phenol or m 
aniUne decreases activity, but ortho carboxyl groups cause an increase or 
little change, in activity. Nitration of phenol or aniline increases ac i y 
(except for picric acid and trinitroresorcinol which are ionised), u n ^ 
benzoic acid is less active than benzoic acid. The introduction of - = 

groups between ring and carboxyl group does not enhance the acti ^ 
benzoic acid, and decreases that of 4-aminobenzoic acid; 
the methyl esters. To conform to the conclusions 2™^Sted 

acids have to be regarded as _ substituted benzoic acids not ^ subsUt 
phenols. Alkylation, akyl esterification or alkyl 
Lreases activity. There is some correlation ™ 

biUty and activity for a homologous senes, but this . ^j,en 

range of compounds is taken. Slightly better agreement 
the logarithm of relative solubility in alcohol and water ^ g b 

activity, but there are considerable deviations. 

Polymelhylene bfs-Quatemarj’ A^onium SaIte, Cararc-like action o^. 

R. B. B a r 1 o w and H. R. I n g. Wrtt. J. f ' dibromides 
•following series of polymethylene bir-quaternary ammonium 
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activity has been establish. It is “ IZn!°‘ S 
Siecbuan and Yunnan; the dned sho„l to be much 

Yunnan the leaves and twigs are used and tli 

more active than the roots. . ' 

„c ■ttWYoun.gken and 
Belladonna, Indian, Pharmacognosy of. .043 37, 450.) 

leSnSL'n 1 

Massachusetts College of Pharmacy. Leaves: following data are 

reported; Vein Islet Number, species average = 

8-3- 12-4(a4.BeHnrfonnn,4-5 - 6-9 - 9-2), S/omntnnnde.r, Upper 
34; Lower surface, 17-6; {A. Belladonna, 2-9 and 17-6 r^pec i - 
Members; the Indian variety has larger flowers than Europe , 
corolla is bright yellow. Roots and steins: similar basic s rue 
that the ceUs of the Indian variety are larger than those of the Euro^ . 
Alkaloidal content: the Indian variety has a high alkaloidal content. Dry mg 
under infra-red lamps at 145° C. destroys the ' c 

significant increase in alkaloidal content resulted from t e nij^ v.<.U;> 
amino-acids into the growing plant. The authors suggest tha ^ , 

donna is a variety of the European and should be named Atropa Belladonna 

variety acuminata. 


PHARMACOLOGY AND THERAPEUTICS 

Adrenaline and norAdrenaline, Action on Human H^-rate. H. B a r- 
croftand H. Konzett. (Laucc/, 1949, 256, 147.) The actions of intra- 
venous infusions of noradrenaline and of adrenalme on the heart-rate ana 
arterial blood pressure of normal men and women have been stu e , 
doses of 10 to 20pg./minute noradrenaline causes bradycardia, wher^s 
adrenaline causes tachycardia. Subjective effects during the admna^ e 

sions included mild palpitation, hyperventilation, tightness in the c , an 
muscular fatigue; there were usually no subjective symptoms dunng in usions 
of noradrenaline. The explanation of the different actions of adrenahne ^d 
noradrenaline on the heart-rate is not known, but the authors suggest a 
two factors are probably concerned — ^the direct excitatory action of t e 
on the pacemaker, and its reflex inhibitory action due to its pressor action 
on the vascular system. 


Courbonia virgata. Identification of Toxic Principle as a Tetramethyl- 
ammonium Salt. A. J. Henry. (Brit. J. Pharmacol., 1948, 3, 187.) The 
tuberous root of Courbonia virgata A. Brongn, (Fam. Capparidaceae), a 
plant occurring in the Southern Sudan, Northern Uganda, Renya, and 
French Equatorial Africa, has been found to contain a toxic principle, 
telramethylammonium iodide. This was also found in the scaly shoots and 
the superstructure, and in the leaves of the subsidiary shoots. It has been 
named tetramine and the fresh root contains about 0-2 per cent. About 
025 g. of the base taken orally (in the form of the root) has proved lethal 
to adult human beings within an hour. Lethal dose of the iodide sub- 
cutaneously was 0-5 to 1 mg./25 mg. of mouse, the symptoms being con- 
vulsive spasms, collapse, and death within 30 minutes. Intravenous injection 
of 8 me. nf thp inriidp into a rabbit caused death within 2 minutes. The 
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not superior, to the impure calcium salt for ointment purposes in respeci 
ot stability. Pemcillm ointments are somewhat more stable at refrigerator 
empera ures than at higher temperatures. The inclusion of sulphadiazine, 
suiphathiazole, adrenaline, or benzocaine in a penicillin ointment does not 
matenally i^uence the stability of the penicillin, but water, zinc stearate; 
aluminium hydroxide gel hasten its deterioration to a marked degree. 


s, L. w. 

Penicillm Powders, Preparation of. J. B ii c h i and F. O. G u n d e r s e n. 
iPharm Acta Helvet.. 1949, 24, 31.) A peniciUin powder, prepared by dilu- 
tion of penicdhn with lactose, had a limited stability, since 15 per cent, of 
the activity was found to be lost after keeping for 2 months at 4°C. Pre- 
paratons made according to the following formula were more satisfactory 
.f after 4 months at 4°C., provided that the materials were 

dried thoroughly before use. and the powder was kept over calcium chloride. 
Crystalline sodium peniciUin, I.OOO.QOO units; hydrogenated arachis oil 
fm.pt. 37 C.), 0-25 g.; anaesthetic ether, 5 ml.; sodium laurylsulphate, 0-50 g.; 
de-enzymated gum acacia, 1-50 g.; diluent, to 50-00 g. In the preparation 
the pemcillin is rubbed down with a solution of the hardened arachis oil in 
the ether, in order to coat the particles of penicillin, and the other substances 
are then added. The mixture is finally passed through sieve VI (approx. 100 
mesh /inch; wire 0*08 mm. diam.). Anhydrous lactose, sulphanilamide or 
dried iriilk may be used as diluent. G. M. 


Sterility of Chemicals, Employment of Filtration in Testing, O. Bang, 
G. Bowitz and A. T. Dais gaard. {Arch. Pharm. Chemi., 1949, 56, 
643.) The authors have examined the method of testing for sterility proposed 
by Davies and Fishburn {Quart. J. Pharm. Pharmacol. 1946, 19, 36). Their 
results show that the risk of infection arising during manipulation cannot be 
ignored, since out of 113 tests (30 with a dry filter, the others with sterile 
solutions) 15 gave positive results. Tests were carried out with a number 
of pure chemicals, and positive results were obtained with a proportion in 
the cases of ascorbic acid, hexobarbitone, morphine hydrochloride, dextrose, 
allyh'sopropyl barbitone, phenobarbitone, oxedrine tartrate, benzocaine, and 
boric acid. “ Sterilised ” boric acid powder gave positive results in 9 tests 
out of 10. Generally the contaminating organism was a Gram-positive rod. 
The authors consider that the method is worthy of further study and possible 
official adoption. c. M. 


PHARMACOGNOSY 

Antimalarial Plants, Chinese. S. T. Yang. (/. Amer pharm. Ass., 
Sci. Ed., 1948, 37, 458.) A brief description of five Chinese medicinal plants 
which may have antimalarial activity is given. 1. Fraxinus malacophylla 
Hensl. This tree occurs in S.E. Yunnan and is known as Pei Chiang Kan; 
the root-bark is used. Recent tests indicate the absence of antimalarial 
activity. 2, Fraxinus chinensis Roxb. Grows in Szechuan and Yunnan; 
the bark yields fraxetin which earlier workers claimed to possess antimalarial 
activity; however recent work indicates it is ineffective. 3. Clerodendron 
yunansis Hu. Grows near Kunming where thin slices of the twigs of this 
tree are-sold as Tien Ch'ang Shari. No investigations have been, conducted 
on this plant. 4. Alstonia yunansis Diel. Also grows near Kunming: ffie 
bark, twigs and pods are sold as Chih Ku Ch'ang Shan. Several alkaloids 
and a resinous substance are present, but they show no antimalarial activity. 
5. Dichroa febrifuga Lour. This is the only plant in the group whose anti- 
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were found to depress the isolated heart and dilate the co ^ ^ nlexus 

activity of these drugs as local anesthetics on the frogs than 

appeared to be more nearly related to their activity ace y c . - 

to their activity against histamine; benadryl and 3277 RP v/ere, m fart, 
much more potent than antistin and neoantergan both as local anesthetics and 
as acetylcholine antagonists. 


Isomeric Heptylamines, Comparative Pharmacology of. D. F. Mar s h, 
(/. Pharmacol, 1948, 94, 225). In this study the vasopressor activity of the 
isomeric heptylamines in anesthetised and unanesthetised dogs was deter- 
mined and compared with adrenaline. By limiting the investiga^n 
primarily to compounds with a total of seven carbon atoms it was possible 
to determine the relationship between spatial configuration and pharmaco- 
logical activity without having to consider diSerences in molecular weight. 
The most potent of the compounds was 4-methyl-2-heptylamine which is 
about 1/200 as active as adrenaline and has a long duration of action; orally, 
the heptylamines have but little pressor action in man. With the exception of 
the 4-heptylamine, they increased the tone of isolated rabbit jejunum with a 
concentration of 4 mg./ 100 ml., caused contraction of the rat uterus and 
antagonised the relaxant action of adrenaline. In the perfused heart they 
produced a decrease in rate, force of contraction and outflow of perfusate. 
They do not antagonise histamine constriction in the perfused guinea-pig 
lung. s. L. w. 


Isnprel in Spontaneous and Induced Asthma. F. C. Lowell, J. J. 
Currey and I. W. Schiller. {New Engl. J. Med., 1949, 240, 45.) 
Isuprel, /-(3; 4-Dihydroxyphenyl)-2-fropropylaminoethanol, (isopropyladrena- 
line) has been studied for a number of years in Europe under the name 
of aleudrin, and has been advocated for use in the form of an aerosol 
for the relief of attacks of bronchial asthma. The authors report their 
observations of the administration of isuprel to asthmatic subjects in the 
out-patient clinic, in the wards, and in the laboratory (induced asthma). 
In most cases the drug was given as an aerosol, in a concentration of 1 -0 and 
0-5 per cent., but it svas subsequently given in tablets sublingually containing 
10 mg., or subcutaneously or intramusculaTly in a concentration of 0-02 or 
0-01 per cent. Given by aerosol it was very effective in relieving mild 
or moderately severe asthma and appears the most effective agent available 
for self-medication; in severe and prolonged attacks it was far less satis- 
factory. In certain cases other medication, particularly aminophylline 
intravenously, was required; on recovery, isuprel was again effective in 
the control of milder attacks. Sublingual and parenteral administration of 
the drag was not very effective. Side-effects were uncommon in the doses 
used in this study. S. t,.W. 


Procaine, Influence of Potassium and Calcium Ions on. H. J. B e i n. 
(Bril. J. Pharmacol., 1948. 3, 251.) The action of procaine on the refractory' 
pcnod of the isolated rabbit auricle was determined in the presence of vary- 
ing amounts of potassium and calcium. The influence of potassium and 
calcium was shown to be antagonistic; increasing the amount of potassium 
or dccrMsmg the amount of calcium both potentiated the action of procaine 
aeout the same potential change being obtained by raising the K bv 50 ner 
cnt, or by lowering the Ca by 50 per cent. A r^uction of the potassium 

content produced the same effect quaiitativelv 
but not quantitatively. The action of procaine was depressed, bm to oSn 
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toxic principle is not .extracted from alkaline solution by organic solvents 
and unless its presence is suspected and its properties known, it might easily 
be overlooked. The toxic properties of the plant are well known to the 
natives. As a qualitative test for tetramine, the crystalline precipitate which 
it produces with Wagner’s reagent can be used. From warm dilute solutions, 
either acid or neutral, the periodide rapidly separates as well-shaped rhombic 
crystals which are readily recognised under the microscope. s. l. w. 

Dextran as a Plasma Substitute. J. J. Bull, C. Ricketts, 
J. R. Squire, W. d’A. May cock, S. J. L. Spooner, P. L. 
Mo 11 is on, and J. S. C. Paterson. {Lancet, 1949, 256, 134.) 
Dextrans are produced by the growth in culture of certain micro- 
organisms, in particular of Leuconostoc mesenteroides, in a substrate 
of glucose and phosphate. After removal of protein and inorganic 
salts from the culture fluid dextran is precipitated as a syrupy gum by 
organic solvents such as acetone; so obtained, it is a polysaccharide com- 
posed entirely of glucose units. The molecules of this crude dextran are 
too large for infusion purposes and preparations of smaller molecular size 
are produced by partial hydrolysis with acid. In defining a specification 
of dextran for intravenous use the proportion of dextran of low 
molecular weight should be kept to a minimum; it is probably also important ^ 
to define the upper limit of molecular size. Physico-chemical methods for 
controlling molecular size are described. The solution for infusion is colour- 
less or pale straw colour and of about the same specific gravity and saline 
concentration as plasma, with a colloid osmotic pressure 1.5 to 2.0 times that 
of normal plasma. It is well tolerated as an infusion by man and is not 
pyrogenic, toxic, or antigenic. Immediately after infusion the erythrocyte- 
sedimentation rate is increased and rouleaux can be observed in smears of 
blood. No increase in the osmotic fragility of the red cells has been observed. 
Dextran has proved efficacious as a plasma substiute in cases of bums and 
has produced a sustained increase in the venous return in patients with 
surgical shock or haemorrhage, but as there is still doubt as to the ultimate 
fate of dextran in the body it cannot yet be recommended unreservedly for 
intravenous infusion. s. L. w. 

Histamine Antagonists, Comparison of. J. J. Reuse. {Brit. J- 
Pharmacol., 1948, 3, 174.) Comparison of a number of histamine antagon- 
ists on isolated organs placed them in the foDowing order of descending 
activity; neoantergan, 3277 RP, benadryl, antistin, nupercaine. Besides being 
the most active of these drugs against histamine, neoantergan is also the 
most specific; it had the least action against acetylcholine, and its action 
against nicotine, potassium and adrenaline was much smaller than its action 
against histamine. It is thus clearly the best of the drugs studied to use m 
specific tests for histamine in unknown solutions, but it is useless if hi^ 
concentrations are used. A satisfactory method for carrying out tests of this 
kind is first to find doses of the tissue extract and of histamine which cause 
equal effects on a piece of guinea-pig’s ileum, and then to continue giving 
these doses alternately and to study the effect, in a series of responses, ^a 
brief addition (1 minute) of a small dose of neoantergan to the' bath. The 
dose of neoantergan is chosen so as to produce 50 to 70 per cent, inhibition ot 
the subsequent response to histamine. The concentration of neoantergan tor 
this effect is usually about 1/10 the concentration of histamme._ A 
for the rough biological assay of neoantergan is described which involve t e 
use of only about 0-002 ^g. of the drug per dose. The antihistamine drugs 
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effect of these pyrogenic materials, indicating that the pyrogen 
the organisms is not a significant factor m the production of fever. It was, 
however, found that tolerance developed on repeated mjection of pyrogenic 
material during fever, showing again that the pyrogen produced by E. colt is 
not the main factor in the causation of a raised temperature. It is suggested 
that perhaps a product of cell injury is the cause of the fever. Simuar experi- 
meats were carried out with the injection of sterUe exudates of acute in- 
flammation, the exudates being produced by the intrapleural injection of 
turpentine in dogs. Daily injection of exudate produced no tolerance to 
its fever-producing effect. Animals tolerant to pyrogens remained fully 
responsive to exudate. The fever-producing property of exudates is not 
therefore due to the presence of bacterial pyrogen. H. T. B. 


fj-Pyrrolidine-ethyl-phenothiarine (Pyrrolazote), Pharmacology of. M. J. 
Vander Brook, K. I. Olson, M. T. Richmond and M. H. 
Kuizenga. (/. Pharmacol, 1948, 94, 197). This compound was com- 
pared with pyribenzamine and was shown to be highly specific as a histamine 
antagonist. It appears to be effective for a longer period of time than 
pyribenzamine as judged by both the activity it exhibits against histamine 
spasms of smooth muscle in vitro and the protection it affords against fatal 
histamine intoxication by aerosol in vivo. It possesses anti-anaphylactic 
properties similar to those of pyribenzamine. Pyrrolazote has no effect on 
the pressor responses to adrenaline; in tins respect it differs from pyribenza- 
mine, benadryl and neoantergan, all of which enhance the pressor response. 
Acute toxicity experiments show that pyrrolazote is considerably less toxic 
than pyribenzamine in mice, rats and rabbits, and chronic toxicity studies 
in rats showed that a dose of 10 mg./kg. orally 5 days each week for 10 
weeks produced no gross pathology, and growth was not impaired. Histo- 
pathology limited to degenerative fatty infiltration of the liver occurred at 
doses of 25 mg./kg. and greater. s. L. W. 


Quinine Metluodide, Pharmacology of. F. H. Shaw, P. Keogh 
and M. MacCallura. (Austral. J. exp. Biol., 1948, 26, 147). The 
authors show that while quinine metbiodide retains many of the properties of 
quinine it has also a curare action on the neuromuscular junction and sympa- 
thetic ganglia. It weakens the depressor action of adrenaline and in this 
respect is the complement of yohimbine and ergotoxine. Because of its 
extreme toxicity towards the respiratory centre it would be an unsuitable 
clinical substitute for curare. Intravenous doses of as low as 10 mg./kg. 
m the cat or dog nearly always resulted in immediate cessation of respiration. 
It is suggested that it may provide another useful pharmacological test for 
adrenaline. ^ , ,,, 


TbjTold Activity, Biolo^cal Assay of. D. E. Hutcheon (/. 
harmacol. 1948, 94, 308). The results of two relatively simple methods 
or estimating the physiological potency of thyroxine are presented. One is 
quanta! response type of assay depending on the decreased resistance to 
anom of mice treated with thyroxine. For this, adult mice, weighing from 

a ^ ^0 animals, one group serving as 

a control whde the other 3 were given thyroxine 2-5, 5-0 ano 10 Oiig subcu 

U placed m an air-tight chamber of 32 litres capacity containing soda-lime 
I^en approximately half the mice had died the survivoSTere rSioJS 
a mortality-rate of each group noted. The method of calculating the 
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the same degree of depression as that obtained by reducing the K concentra- 
tion by 50 per cent, it was necessary to increase the Ca concentration by 
600 per cent. The determining factor is therefore not the ratio K/Ca but 
the absolute amount of potassium present, though the presence of at least 
the normal amount of Ca is necessary. s. l. w. 

Proguanil (Paludrine )5 Intravenous. R. N. Chaudhuri and H. 
Chakravarti. (Brit. med. J., 1949, 1, 91.) Proguanil acetate was 
administered by intravenous injection to 11 patients ranging in age from 
9 to 60 years, in 8 of whom Plasmodium falciparum infection* was pre- 
dominant, while 2 had P. vivax infection and 1, mixed infection. Four patients 
were gravely ill with pernicious symptoms, 4 had heavy parasitic infection 
with frequent vomiting, and 3 had “ ordinary ” malaria. Doses varied from 
25 to 400 mg., and were repeated in a few cases, the total amount injected 
ranging from 200 to 600 mg. Although the series was too small to determine 
the best dosage, in the majority of cases 200 to 400 mg. produced a striking 
effect, controlling the temperature and clearing the peripheral blood of 
asexual parasites in 2 or 3 days. One patient admitted in a moribund state, 
died; another, with typical cerebral malaria, remained unconscious for 
several days and later developed signs and symptoms of encephalitis, from 
which, however, he recovered completely. The injections were well tolerated, 
although 2 patients complained of pain along the injected vein, possibly due 
to some local phlebitis. A footnote to this paper reports that proguanil 
lactate is more soluble and less irritant than the acetate, and is being used 
by intramuscular injection. o. R. K. 

Proguanil (Paludrine) in Prophylaxis and Treatment of Malarial Infections 
caused by a West African Strain of Plasmodium falciparum. G . C o v e 1 1, 
W. D. N i c o 1, P. G. S h u t e and M. M a r y o n. (Brit. med. J., 1949, 
1, 88.) Proguanil was found to act as a true causal prophylactic of infections 
of the strain of Plasmodium falciparum used, and the prophylactic 
dose recommended for non-immune adults exposed to malarial 
infection in West Africa is 100 mg. daily. Although it controlled the 
clinical attack caused by infections with the same strain, its action 
in this respect and in clearing asexual parasites from the peri- 
pheral blood was somewhat less rapid than that of mepacrine or quinine, 
and by itself, it did not effect a radical cure. Nevertheless, a course of 
300 mg. twice daily for 10 days effectively sterilised the gametocyfes 
and rendered them non-infective to mosquitos for as long as they continued 
to be present in the peripheral blood in sufficient numbers for infection to 
occur. Proguanil also has the lowest toxicity of any known antinialarial 
drug. In the treatment of P. falciparum malaria infections, rapid termination 
of the clinical attack, a high radical cure rate, sterilisation of the gametocytcs 
and minimum risk of injurious side-effects is achieved by a course of 300 mg. 
of proguanil twice daily for 10 days with 900 mg. of mepacrine given in 
3 doses on the first day, followed by a maintenance dose of 100 mg. oI 
proguanil for the ensuing 6 weeks. ‘3- 

PyTogens and Fever of Acute Infection. J. L. Bennett. (/. exp. Med., 
1948, 88, 267, 279.) The possibility that the fever accompanying acute infec- 
tions' is a response to a pyrogen produced by the infecting organism was 
investigated in rabbits. Animals surviving dermal pneumococcal infections, or 
peritonitis due to Escherichia coli, were given intravenous injections o 
typhoid or E. coli vaccine. They showed no tolerance to the fever-promoting 
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Hie Assay of Mersalyl 

Sl’-— } yfetflods o£ assay of meisalyl [sodium salt of saHcyH'i -hy droxyaiercuri- 
e-insfeo.x\-piopvDamli-0-acefic acid], pnenylmeicuric -nitTate, ^ and 
asueatum hvdrargvri nitiatis dnutum as proposed by ^atemoise and 
modined bv Pierce" "have become omcial in the Bntish Pnamncopffii^. 19-rS. 
All involve redaction to metallic mercury under reSux, solution oi the pre- 
cipitated mercurj- in nitric acid, and titration vdth ammoniim thiocyanat^ 
It* vras found that erratic results -were sometimes obtained in the a^y of 
mersalvL and also vrhen this assay process vras applied to injection ot 
me^alvL An investigation rras therefore undertaken into the cause. Under 
the conditions of assav, mercury being to some e?dent volatile, it svas xound 
that STaorons boiihig caused condensation of the metal on the cold part of 
the redux condenserrmercuiy in such a form often being difficult to vrash o5. 
It is suggested, therefore, that glass jointed apparatus be used, and that after 
the redaction, the condenser should be wasned with water and the precipitate 
transferred to the ffiter paper as directed. Isitric acid (20 tnL) and water 
(10 roL) are then placed in the Sask and reSuxed in the apparatus for 10 
minutes. Tne condenser is finally wusned with 10 mL of svater, and the acid, 
after cooling, used to dissolve the zinc amalgam in the usual way. the assay 
then being completed in accordance with the directions given. 

P. S. Stross, 

R. E. Stcckzy 

Tee British Drug Houses, Ltd.. 

Citv Road, London. Is-L 
March 30. 19-i9. 

KHtHRESCeS 

i- Waterhouse, Quart. J. Pham. PharmacoL, 1938, H. a 5 g, 

L Pierce. ifciU, 1942, 15. 367. 
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slope of the dose-mortality curs'e was that described by Finney, allowances 
being made for the moitalits' rate of the control groups. The wei^ted 
slope was found to be 3-53 with a standard error or rhO-76. The 
other method is a graded response method based on the acute wsi^t loss 
foUosring thsToxine injections. For this, adult male albino rats, 
’»e;Ehing 220 to 2S0 g,, were given diinl'ang water containing 0-1 per cent, of - 
thiouraefl for 10 days prior to injection. They were then placed in indmdual 
cages and assigned at random to the various treatments: food and water were 
no: restricted. Two subcutaneous injections of 0-25 to 2-0 mg. of thyroxine 
"8*6 given on successis'e days. The body weights were measured for several 
das-s before and after the injections. The data obtained from tss'o experi- 
ments are presented and were subjected to an analysis of variance accordina 
% meffiod of Bliss and Marks {Quart. J. Pkam. PkarmaeoL. 1939. 11, 
L’ a' deviation of this method v.-as a -4 and the slop» of th“ 

curs'® 9-1; the value for k was therefore 0-478 Tnoum 
^ Psrfonned in a very- short time, a vers- large number of 
(4(10). Tee asphs-xiation test is aoproximatelv as 
precision IS of the same order as that of other assasx based 
t-i- all.or-nont response -■ 

S. I_ w. 
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THE PLANT ALKALOIDS, by T. A. Henty. 4th edition, 1949, p.p. xxii 
+ 783 and Index J. and A. Churchill, Ltd., London. 

The international reputation of Henry’s “Plant Alkaloids” is such that 
workers in many branches of science throughout the world will be grateful 
that Dr. Henry has been able to keep track of, digest, and present in his 
usual lucid and authoritative manner, the wealth of information that has 
been published on topics relating to the plant alkaloids and their analogues 
in the past decade since the third edition appeared. A large part of the 
volume has had to be rewritten and its bulk continues to increase. Not only 
have the years since 1939 brought to light a considerable volume of new 
knowledge of the occurrence and distribution of alkaloids in plants, of 
their biogenesis, isolation, purification and properties, chemical structure 
and pharmacological action, but they have also led to very extensive work 
on the preparation and study of synthetic analogues. Perusal of the edition 
under review has failed to reveal any important or less important publica- 
tion having a bearing on plant alkaloids that has not received Dr. Henry’s 
attention. As in the previous edition the material is classified primarily on the 
basis of nuclear structure although it is admitted that the basis adopted must 
necessarily be arbitrary in many cases where chemical complexity is such that 
the structures could have been accommodated under more than one nuclear 
heading. Two new groups have been required to accommodate new types 
encountered, namely the pyrrolbddine group comprising so far principally 
the necine derivatives found in Senecio species and the steroidal alkaloid 
group which includes the alkaloids of Aconitum, Delphinium and Veratrwn 
species and the glucosidal alkaloids of Solanum species. The difBculty of 
keeping pace with additions to knowledge in this field is shown inter alia 
by the fact that while the text was going through the press evidence was 
published of the steroidal nature of the alkaloid conessine, derived from 
Kurchi bark which has recently attracted much attention from pharma- 
cologists. A reference to the recent assignment of an a/Zopregnane structure 
to conessine has been inserted in the introduction, though the Holarrhena 
alkaloids had necessarily to be dealt with in the body of the work under 
“ Alkaloids of Undetermined Constitution.” Alkaloids derived from an 
acridine nucleus have recently been isolated from certain members of the 
Riitacece in Australia and, as Dr. Henry points out, a new group will 
require to be added to his classification to accommodate these. The literature 
on synthetic analogues of alkaloids is duly referred to and the repercussions 
of the extensive war-time work on synthetic potential antimalarials on 
the correlation of structure with action are taken into ac^unf. 
Due attention is paid to the biogenesis of alkaloids, including Robinson s 
recent discussions on strychnine and emetine. 

In addition to the physical, physicochemical and chemical properties 
of something like two thousand alkaloids and their derivatives, references 
are included to the newer techniques applied to alkaloidal analyses, 
including micro-methods of detection and estimation and apphra- 
tion of procedures involving chromatographic and polarographic rnethods. 
All who are concerned, however remotely, with the plant alkaloids an 
related chemistry' will require to ensure that this new edition, which is as 
carefully written and produced as its predecessors, is 
works of reference. 



LETTERS TO THE EDITOR 

The Assay of Mersalyl 

Snu — ^Methods of assay of mersalyl [sodium salt of salicj'l-(/-hydroxymercuri- 
S-methoxypropyl)ainide-0-acetic acid], phenylmercuric nitrate, ^ and 
vmguentmn hvdiargyri nitratis dilutum as proposed by Waterhouse and 
modified by Pierce" have become official in the British Pharmacopceia, 194S. 
All involve reduction to metallic mercury under reflux, solution of the pre- 
cipitated mercury in nitric acid, and titration with ammonium thiocyanate. 
It vraS found that erratic results were sometimes obtained in the assay of 
mersalyl, and also when this assay process was appUed to iniection of 
mersalyl. An investigation was therefore undertaken into the cause. Under 
the conditions of assay, mercury' being to some extent volatile, it was found 
that rigorous boiling caused condensation of the metal on the cold part of 
the reflux condenser, mercury in such a form often being difficult to wash off. 
It is suggested, therefore, that glass jointed apparatus be used, and that after 
the reduction, the condenser slTould be washed with water and the precipitate 
transferred to the filter paper as directed. Nitric acid (20 ml.) and water 
(10 mL) are then placed in the flask and refluxed in the apparatus for 10 
minutes. The condenser is finally washed v.ith 10 mL of water, and the acid, 
after cooling, used to dissolve the zinc amalgam in the usual way, the assay 
then heing completed in accordance with the directions given. 

P, S. Stross. 

R. E. Stuckey 

The^ British Drug Houses, Ltd,. 

City' Road. London. N.I. 

March 30. 19J9. 
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of the dose-mortaJity curve was that described by Finney, allowances 
-mg i^(3e for the mortality' rate of the control groups. The weighted 
m^^ s-ope w^ found to be 3-53 with a standard error of r=0-76. The 
o^r method is a graded response method based on the acute weight loss 
Or foUoTi^g thyroxine injections. For this, adult male albino rats. 

S — 0 lO 2S0 g.. were given drinking water containing 0-1 per cenL of • 
' ft piio" to injection. They were then placed in indiridual 

nt reef random to the various treatments: food and water were 
^>-‘ 20 . Two subcutaneous injections of 0-25 to 2-0 mg. of thyroxine 
iasr successive days. The body weights were measured for several 

n“n-.s after the injections. The data obtained from two experi- 

o tvere subjected to an analysis of variance according 

r* (.Quart. J. Plutmi. Fhanruicol.. 1939, 

og mean ceiration of tlzis method was 4.-4 and the slope of the 

this '■ therefore 0-47S. Tnough 

tmireh ^ ^ ^^yjt'ertormed in a very short time, a very large number of 
acct- 5 t„ (-too). The asphyxiation test is approtdmatelv ax 

Its pre=-.s:on is of the same order as that of offi^ assavs has^^ 
resrons* ' 

- - s.t_-w. 
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THE PLANT ALKALOIDS, by T. A. Henry. 4th edition, 1949, p.p. xxii 
+ 783 and Index J. and A. Churchill, Ltd., London. 

The international reputation of Henry’s “ Plant Alkaloids ” is such that 
workers in many branches of science throughout the world will be grateful 
that Dr. Henry has been able to keep track of, digest, and present in his 
usual lucid and authoritative manner, the wealth of information that has 
been published on topics relating to the plant alkaloids and their analogues 
in the past decade since the third edition appeared. A large part of the 
volume has had to be rewritten and its bulk continues to increase. Not only 
have the years since 1939 brought to light a considerable volume of new 
knowledge of the occurrence and distribution of alkaloids in plants, of 
their biogenesis, isolation, purification and properties, chemical structure 
and pharmacological action, but they have also led to very extensive work 
on the preparation and study of synthetic analogues. Perusal of the edition 
under review has failed to reveal any important or less important publica- 
tion having a bearing on plant alkaloids that has not received Dr. Henry’s 
attention. As in the previous edition the material is classified primarily on the 
basis of nuclear structure although it is admitted that the basis adopted must 
necessarily be arbitrary in many cases where chemical complexity is such that 
the structures could have been accommodated under more than one nuclear 
heading. Two new groups have been required to accommodate new types 
encountered, namely the pyrrolizidine group comprising so far principally 
the necine derivatives found in Senecio species and the steroidal alkaloid 
group which includes the alkaloids of Aconitum, Delphinium and Veratrwn 
species and the glucosidal alkaloids of Solamim species. The dMcuIty of 
keeping pace with additions to knowledge in this field is shown inter alia 
by the fact that while the text was going through the press evidence was 
published of the steroidal nature of the alkaloid conessine, derived from 
Kurchi bark which has recently attracted much attention from pharma- 
cologists. A reference to the recent assignment of an o/Zopregnane structure 
to conessine has been inserted in the introduction, though the Holarrhena 
alkaloids had necessarily to be dealt with in the body of the work under 
“ Alkaloids of Undetermined Constitution.” Alkaloids derived from an 
acridine nucleus have recently been isolated from certain members of the 
Rutacece in Australia and, as Dr. Henry points out, a new group will 
require to be added to his classification to accommodate these. The literature 
on synthetic analogues of alkaloids is duly referred to and the repercussions 
of the extensive war-time work on synthetic potential antimalaiials on 
the correlation of structure with action are taken into account. 
Due attention is paid to the biogenesis of alkaloids, including Robinson s 
recent discussions on strychnine and emetine. 

In addition to the physical, physicochemical and chemical properties 
of something like two thousand alkaloids and their derivatives, references 
are included to the new'er techniques applied to alkaloidal analyses, 
including micro-methods of detection and estimation and ^e apph^- 
tion of procedures involving chromatographic and poJarographic rnethods. 
All who are concerned, however remotely, with the plont al 'a oi s^ an 
related chemistry will require to ensure that this new edjUon, w ic is as 
carefully written and produced as its predecessors, is among ^ HaRTLEv 
works of reference. 
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not only stable towards cholinesterase, but inhibit the action of cholinesterase 
on acetylcholine in a reversible manner. A similar action had been described 
for i)is-p-dimethylaminobenzylacetone dimethiodide and for various alkyl 
phosphates, although the latter combine irreversibly with cholinesterase. 
The “ stigmines ” act against the effect of curare, but are seemingly not able 
to counteract the curariform action of hw-trimethylammonium decane.. 

While the nicotinic action of acetylcholine is antagonised either by gan^a- 
blocking agents, such as tetraethylammonium salts or 6/s-trimethyl- 
ammonium pentane, or on the skeletal muscle side by curariform compounds, 
the muscarinic action of the cholinergic neuro-hormone and parasympatho- 
mimetics is antagonised by atropine. This drug, together with similarly 
acting compounds, named parasympatholytics, and the papaverine and anti- 
histamine group, form what one may call the larger group of anti-spasmo- 
genics or spasmolytics. There is hardly any representative of this group 
which does not possess a multiplicity of action but usually one predominates 
over the others, either the atropine-like, the musculotropic papaverine-like, 
or the. histaminolytic. The parasympatholytics or anti-acetylcholine drugs 
represent mostly nitrogen-containing esters which, when Pfeiffer’s theory of 
prosthetic distances is applied, show similar distances between the nitrogen- 
methyl group and the two oxygens to those of the protagonist group, the 
parasympathomimetics. This represents a very neat illustration of the 
receptor theory. 

On looking through the list of drugs of the parasympatholytic group, we 
find that the acid part of the ester is “ heavier ” than acetic acid, Pfeiffer’s 
umbrella effect being obtained by additional phenyl or hydroxy groups. The 
alkanolamine part need not be so complicated as the tropine of atropine, but 
can be represented by dialkylamino alkanols. The original tropic acid has been 
changed in time to mandelic, benzilic, diphenylacetic and fluorene carboxylic 
and dihydroanthracene carboxylic acids. Compounds prepared for different 
purposes, but showing, superficially, similarities with the atropine group, 
except for the fact that they are not esters, show varied amounts of para- 
sympatholytic activities; but even compounds like Benadryl or diphenylpro- 
pylamines, without oxygen, still possess measurable anti-acetylcholine action 
in addition to anti-histamine and anti-barium activities. 
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SOME ASPECTS OF PHARMACOLOGICAL CHEMISTRY 
By F. Bergel, D.Sc,, F.R.I.C. 

A Summary of Three University Lectures given in the Department of Pharmacology, 
University College, London. January-February, 1949. 

Only the symptomatic drugs were considered in this series. The first lecture 
dealt with the significance of total chemical constitution and the theories of 
modes of drug action^. Examples indicating constitution-action-parallelism 
were quoted, but it was emphasised that much more data were required to 
produce a more secure basis for a rational approach. In the next lecture 
the work on the analgesic substances, particularly on morphine, was 
discussed-. On the third occasion the chemistry of the parasympatho- 
mimetics and parasympatholytics was considered. These drugs are based on 
acetylcholine, which is not strange to the organism. Acetylcholine has three 
pharmacological actions, muscarinic, nicotinic and under certain conditions, 
curare-like. As an ester, it is hydrolysed by the enzymes, cholinesterases of 
blood cells and plasma and transformed into the weakly active choline. Its 
re-synthesis may be due to the action of an acetylase, the co-enzyme of which 
may consist partly of pantothenic acid. Its existence was demonstrated by 
Feldberg and Mann in brain and by Biilbring and Bum in rabbit heart 
auricles. There exists also an inactive acetylcholine complex, the formation 
of which may partly explain the disappearance of the neurohormone. That 
it also occurs in plants was shown by Feldberg’s discovery of acetylcholine 
in the stinging nettle. The instability and amphotropic properties of acetyl- 
choline stimulated the pharmacological chemist to synthesise substances with 
more sustained and clear-cut action. When considering substances which, 
like acetylcholine, possess parasympathomimetic action, Pfeiffer’s theory of 
prosthetic^ distances comes to mind, postulating an optimum distance between 
the N-methyl group and the two oxygen atoms. Thus it can be understood 
why three natural drugs — muscarine, pilocarpine, and arecoline — show, on 
the whole, lower activities and have never gained clinical importance. Virtual 
changes of the acetylcholine molecule itself have produced evidence that the 
free aminoalkanols are very much weaker and that, for the existence of full 
muscarinic action, the alcohol group must be esterified and the nitrogen 
carry at least two methyl groups. When the chain of the alcohol or the 
acid is elongated, activity falls considerably. There is one exception, and 
that is when the aminoalkanol chain is branched, as in mecholyl which shows 
strong muscarinic effect. Acetic acid has been exchanged against other 
acidic residues, such as carbamic acid in carbachol, thioacetic acid, etc. 
Transformation of the choline ester into choline ethers produces more stable 
but less active compounds. An ether-like product was made by Foumeau 
(2268 F) and found to be very potent indeed. Another ether-like compound 
is Esmodil which contains a double bond like arecoline and croton betaine 
methyl ester. The latter, carrying the nitrogen on the acidic side, is very 
much like acetylcholine though weaker. While choline itself shows vety 
little activity, 3-hydroxymethyIpyridine, the alcohol corresponding o 
nicotinic acid, possesses interesting parasympathomimetic properties. Other 
aromatic compounds with phenolic groups in place of alcoholic hydroxj 
groups, show remarkable properties, especially when esterified with car 
acid. Such substances, like physostigmine, Prostigmine (neostigminej a 
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MATERIALS USED IN GREAT BRITAIN FOR THE ACTIVE 
IMMUNISATION OF M^ AGAINST DIPHTHERIA 

By Sm Peroval Hartley, 

C.B.E., M.C., D.Sc., F.R.S. 

The Sir William Dunn School of Pathology, Oxford 
Formerly Director of Biological Standards^ Medical Research Conned 


Following the introduction of antitoxin for the treatment of diphtheria 
in 1895 there was a fall in the case-fatality in these islands which, sorne 
ten years later, had reached about one-third of that of pre-antitoxin 
days. Although the rate declined a little further, and fluctuated from 
year to year, it persisted at such a level that diphtheria remained as a 
major concern for public health officers and the authorities of infectious 
diseases hospitals, calling for a sustained and intensive effort in the field 
by the former and the maintenance of an expensive hospital service to 
provide for the latter. In spite of all the measures taken, however, in 
the ten years prior to the outbreak of the second world war, there were 
from 2,500 to 3,000 deaths from diphtheria every year in this country, 
and this rate continued until 1941. In 1947, however, the deaths had 
reached the low record — up to then — of 244 for that year, and the 
(uncorrected) figure for 1948 is even lower at 156. Since a decline in 
case-fatality rate may be independent of measures taken for prevention 
or treatment, it may be prudent to reserve a final judgment to a more 
detailed examination of all the factors concerned; but the evidence at 
present available is that active immunisation has contributed very 
materially to the extremely low incidence and mortality from diphtheria 
in recent years, and many take the view that this has been the dominating 
factor. 

The materials which have been used, and have thus made their con- 
tribution to this outstanding achievement of public health endeavour, 
have attracted the continued interest of research workers in English 
laboratories from the early 1920’s and the preparations used, in this 
country exclusively and in other countries to a considerable extent, are 
largely the fruits of their labours. Accordingly, it may be of interest 
to those whose duty it is to supply these materials, to keep them before 
the notice of our people and advocate their continued employment in 
the future, to know something of their historical development, then- 
nature, preparation, composition, properties and use. 

Although the value of antitoxin for prophylaxis and therapy was 
recognised, it was obvious that protection from attack was of greater 
importance than the treatment of individual cases and the passive 
immunisation of contacts; so long as susceptible populations remained 
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The asterisk (*) after the name of an article indicates that the information 
gtyen is derived from the^ makers’ publications. Further information regarding 
these articles may be obtained by application to the Editor. 

Atophan* balsam contains amyl ester of phenylcinchoninic acid 10 per 
cent., phenyl salicylate 10 per cent., camphor 2x per cent., and synthetic 
menthol 2i per cent., incorporated in a neutral base. It is indicated in all 
forms of acute and chronic muscular rheumatism, especially lumbago, and 
in arthralgia resulting from rheumatism and gout, where local medication 
and massage are required simultaneously. It is supplied in jars containing 
2i ounces, and in tubes of 50 g. s. l. w. 


Atophanyl* is a solution of equal parts of atophan sodium and sodium 
salicylate in sterile distilled water for parenteral administration in rheumatic 
and gouty affections of the muscles and joints. Injections are given either 
intravenously or intramuscularly, the contents of one ampoule being injected 
daily until the symptoms have disappeared, with an interval of 2 or 3 days 
after each 4 consecutive injections. TTie ampoules for intravenous injection 
contain 7i grains of each substance in 10 ml.; for intramuscular injection 
the same doses are contained in 5 ml. It is intended for the relief of severe 
acute symptoms and not for prolonged treatment; a course of more than 15 
injections is rarely called for. Atophanyl is issued in boxes of 5 ampoules 
of 10 ml. for intravenous injection, and boxes of 5 ampoules of 5 ml. for 
intramuscular injection (the intramuscular ampoule contains 4j grains of 
urethane as a local anaesthetic). s. L. w. 


Methergin*, methylergometrine tartrate, is d-lysergic acid-n-butand!- 
diamide, and differs structurally from ergometrine in possessing a butanol- 
amide(2) radical instead of a propanol-amide(2) group. It is 1-5 to 2 times 
more active than ergometrine, while possessing a similar uterine action. H 
acts v'ithin 20 to 60 sec. intravenously, 30 to 60 sec. intramurally, and 2 to 
5 minutes intramuscularly; orally, it acts within 3 to 8 minutes. Its action 
is more prolonged than that of ergometrine but less than that of ergotamine. 
It is well tolerated even in high doses. It possesses no sympathicolytic 
activity and is valueless in migraine. It is indicated in all uterine hremorr- 
hages, especially those due to post-partum atony, and in lochiometra,' 
endometritis, incomplete abortion and Cresarian section. It is contra- 
indicated before the birth of the child and is not recommended for the 
treatment of primary or secondary uterine inertia. It is supplied in bottles 
containing 10 ml. of a solution, 0-25 mg. in 1 ml., and in boxes of 6 ampou es 
0-2 mg. in 1 ml. ’ s. l. w. 


Neodrenal,* isopropyl adrenaline, is a stable synthetic sympathomimetic 
amine related to adrenaline. It is effective by mouth and is administere 
either as a sublingual tablet or as a spray-solution. It is employed for me 
symptomatic relief of bronchial asthma, spastic bronchitis, and statu^ 
asthmaticus. The dose by sublingual administration is i to H tablets i 
30 mg.) 3 times daily, gradually reducing to i tablet daily; the effect 
apparent within 4 to 10 minutes. Alternatively, relief may _<■ 

oral inhalation of a 1 per cent, spray. Neodrenal is supplied , 

25 or 250 tablets, each containing 20 mg., and in bottles ^ 

a I per cent, spray-solution. 
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a population could be divided into susceptible and iminune person: 
and Behrins®’’ reported that mixtures o£ toxin and antitoxin could safely 
be injectedlnto children. A certain mystery surrounded the manner of 
preparation and the composition of these early mixtures of T.A., as they 
came to be known, but it appears that the German workers were feeling 
their way and testing the antigenic efficiency, and the toxicity, of mixtures 
of different composition. Large numbers of children were inoculated 
in the Magdeburg district of Germany; the results were such that any 
remaining doubts in Park’s mind regarding their safety were dispelled 
and, arm"^ with this knowledge and with the Schick Test as a helpful 
guide, the way was clear for the application oi these important advances 
in the United States. It is interesting to note that, while Park deprecated 
Behring’s claim that these T..A. preparations were a new' discovery, as 
they had been used extensively for the immunisation of animals, he 
emphasises the importance, to the campaign for active immunisation of 
man, of his demonstration of their safety. 


Since its introduction the Schick Test has been the subject of mucli 
controversy, and the manner of its application, its interpretation, its 
\alue as an aid to diagnosis and as a guide for administrative action 
have all been challenged. These controversies cannot bs discussed here, 
but the practical importance of the test at the time it was first applied 
can hardly be exaggerated. It gave confidence to field workers who 
were dealing with potentially dangerous materials of which they had 
little knowledge or experience; and, as these increased, the Schick Test 
became an almost essential part of the mechanism by means of which 
actwe immunisation of human populations has been achieved. One 
ground for cnticism, how'e\er, has deserved more attention and con- 
sideration. in countries other than this, than it has actually received. 
Schick considered that the quantity of toxin contained in the Schick 
Test Dose was one-fiftieth of the minimum lethal dose of a matured 
toxin, as determined by injection into guinea-pigs. This definition is 
unacceptable on two grounds. Trevan® pointed out that the term 
“ minimum lethal dose ” has no clear or proper meaning and indicates 
a \ague quantity the actual determination of which is of doubtful 


accomplishment; and, e\en if it were permissible to define the Schick Test 
dose in terms of to.xicity alone, the amount should be expressed in terms 
of the quantity found to be lethal for a stated percentage of animals as, 
for example, the LD50 dose; this quantitv' has a meaning and can be 
determined with an accuracy dependent on the number of animals used. 
•An e\en more serious objection to Schick's original definition was pointed 
out by Glenns " and independently by Kellog’® : since the test determines 
the approximate concentration of antitoxin its definition must be ex- 
pressed in terms of combining power for antitoxin and not onlv in terms 
o* toxicity— the latter merely ensuring the presence of an adequate, but 
not too large, quantity of toxin for injection into human beinas. The 

loxTchvt.*! ^ its definition to 

oxiciK \sas shown by Glcnny and Waddington”, who prepared a s^-ries 
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unprotected, the occurrence of cases and epidemics was a constant threat 
to life, especially of young children, and to the public health and 
economy. 

Since it was known that susceptible animals could be successfully 
immunised against diphtheria there did not seem to be any reason why 
a similar result should not be achieved with man. The pathology of 
the disease indicated that the aim should be to provide protection against 
the characteristic toxemia, and it is not surprising that the first attempts 
were on similar lines to those which had succeeded with animals, i.e., 
by the injection of toxin. Accordingly in the early years of this century 
there are a few records of the immunisation of man with small but 
increasing doses of toxin; the local reactions and the pain at the site of 
injection were reported. Attempts were also made to immunise man 
by the injection of bacterial vaccines. None of these measures, how- 
ever, appeared very promising, and the success which has been achieved 
is a result of investigations on different lines. 

In the United States, Theobald Smith’’-, who then held important ap- 
pointments at Harvard and the Antitoxin Laboratories of the Massa- 
chusetts State Board of Health, observed that the guinea-pigs supplied 
for his use were immune to diphtheria : on investigation he found that 
they, or their progenitors, had been used for testing diphtheria antitoxin, 
the injection of mixtures of toxin and antitoxin having served to immunise 
them. This observation was the starting point of a series of important 
researches concerning the properties and immunological behaviour of 
neutral, over-neutralised and under-neutralised mixtures in guinea-pigs 
and of the transmission of antitoxin, and in 1907 Theobald Smith 
advocated the use of certain of these mixtures for the active immunisa- 
tion of man. It seems strange that it was not until 1913 that this sug- 
gestion, coming from so eminent and recognised an authority, was given 
practical application. The facts were not in question because many 
workers had shown that antitoxin was produced in animals which had 
survived the injection of mixtures of toxin and antitoxin. There appear 
to have been two main reasons for this delay; Park^ who was then and 
for many years afterwards the acknowledged leader in this field and 
was always ready to exploit any discovery or advance in the laboratory 
which promised to help in his fight against diphtheria in New York, 
described his own investigation of these mixtures in guinea-pigs. He 
observed that the mixtures which would have to be used for the effective 
immunisation of man were toxic for guinea-pigs and, quite clearly. Park 
was hesitant about injecting material into children which caused paralysis 
in guinea-pigs. Another deterrent was that, at that time, there was no 
simple means of finding out, first, which members of a community 
needed protection and, second, whether the measures taken had suc- 
ceeded or failed. 

In 1913, however, two papers appeared in Germany which 
these doubts. Schick’, basing his observations on the earlier 
Romer®, described his test by the application of which, it was c ai 
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Park and the earlv pioneers gave much thought and experimen^o 
find the best mixture of TA. for the immunisation of ctnldren. 
balance of toxin and antitoxin had to be precisely adjusted : if the 
toxin were over-neutralised the mixture was not an eSective antigen an 
if it were under-neutralised it might be unduly toxic and even dangerous. 
That the right balance had been struck was determined by mjectmg 
prescribed quantities into guinea-pigs, and thus the practice of ensurmg 
the safety of prophylactics'^by tests on animals was begun. These have 
been developed so that tests for absence of specific and non-specific 
toxicity, antigenic activity, etc., have been incorporated in the official 
regulations and national pharmacopoeias of many countries. Actuafiy, 
TA. was not easy to prepare and, of aU the types of prophylactic which 
have been used, it gave the greatest anxiety. This was due to the fact 
that it contained toxin and, although this is neutralised with antitoxin 
and the preparation should be safe, it was a potentially dangerous sub- 
stance and fatal accidents followed its use in several countries. Viewed 
in retrospect and in the light of what is now known of the way T.A, 
was made, the nature of the union of toxin and antitoxin and the cir- 
cumstances under which they can dissociate, the remarkable thing is, 
not that there were a few accidents, but that there were not many more. 
In this countrt' the authorities were so concerned at the possibility of 
accident that, for many years and until T.A. became obsolete, samples 
of etery batch released for use were tested in the Department of 
Biological Standards at Hampstead for safety and antigenic activity. 


It will be readily understood, therefore, that a-milestone of very great 
importance in the development of diphtheria prophylactics was the dis- 
cos eiy that the dangerous toxin could be replaced by harmless toxoid. 
In 1898 Salkowski'* observed that diphtheria toxin lost its toxicity when 
treated with formalin. Later workers have determined the conditions 
under which toxicity can be removed and immunising efficiency retained : 
in general it has been found that when incubated at 37 'C. with a con- 


centration of 0-5 per cent, or less, of formalin, diphtheria toxin loses 
its toxicity completely, usually in about four weeks, but it retains its 
combining power for antitoxin almost unchanged; and Lowenstein^®, 
Glenny’'*"^’"^ and Ramon==-='^"‘--* showed that these non-toxic, sterile 

modifications of toxin formol toxoid, anatoxin, or F.T. as they are 

now called — are effective antigens, Lowenstein’s experiments relating to 
tetanus and Glenny’s and Ramon’s to diphtheria. Formol-toxoid is eaty 
to prepare, it does not contain sensitising horse serum protein, it is quite 
devoid of specific toxicity and its specific reaction with antitoxin, in 
yitro, provides a ready method for its measurement by flocculation 
methods. In France it was used on a very large scale for the immunisa- 
Uon of children, and later of soldiers, and its success was such that it 
was widely used in other European countries and in North America 
lU adoption in the United Slates followed the examination by Park 

and to him by O’Brien and Ms colleaeues 

and th. successful application of toxoids made in his osvn laboraton-^- - 
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of Test Toxins, each conforming to Schick’s original definition in that 
the dose, in each case, contained the amount of toxin postulated by 
Schick as the all important factor, but their combining powers varied 
to such an extent that they indicated antitoxin concentrations varying 
from one half of that usually detected by Schick Test Toxin to 200 times 
that level. It is difficult to understand why Schick Test Toxins should 
not be standardised on sound principles, based on a stable standard and 
thus reproducible and comparable the world over, especially as this 
could be done most economically, partly by means of the flocculation 
reaction and, in any case, by the use of a very few animals. This is 
not merely an academic question raising issues of no practical import- 
ance ; how much of the controversies which have raged over the Schick 
Test in past years may have been due to faulty standardisation based 
on improper principles cannot be assessed; but the question is not with- 
out importance to problems which may arise in the future. It is quite 
likely that it may be necessary to estimate higher antitoxin concentrations 
in human populations than that hitherto indicated by the Schick Test 
Toxiii as at present prepared for issue : this could be done without diffi- 
culty by selecting, or preparing, a Test Toxin having the desired com- 
bining power for antitoxin: its suitability for use, as indicated by this 
(property and its content of free toxin, is easily checked by the intra- 
cutaneous injection of mixtures of the sample with antitoxin, and of a 
few dilutions of the .preparation itself, into one or two guinea-pigs. 
The ease, convenience and economy are of less importance than the 
fact that the standardisation of the preparation is thus based on sound 
immunological principles. 


Further progress was impeded in Germany by the first world war, 
but in America from 1913 onwards Park’s'-’” energy and enthusiasm, 
his advocacy of the need for active immunisation, and his demonstra- 
tion of the practicability and successful use of the T.A. preparations then 
available, provided a stimulus to workers in other countries and a model 
on which their efforts could be based. 


1921 saw the beginnings of immunisation against diphtheria in Eng- 
land. In April, Glenny, Allen and O’Erien'-* reported on active immuni- 
sation and the Schick Test. They outlined the measures which were 
practicable at that time and described the materials available. ^ 

the same year Copeman'= presented an important report on diphthena 
to the Ministry of Health and described investigations at the Southmead 
Infirmary at Bristol; and in December, Copeman, O’Brien, Eagleton and 
Glenny'® gave a lucid account of how the Schick Test had been used 
to detect the susceptibles in a school at Mitcham, how 102 of ^ 

been immunised with T.A., how all but two of these had ^come SchicK- 
negative, which of them had shown local reaction and the character or 
those lesions. It is to be regretted that the recommendations of ffie^ 
early workers were not adopted as it is now recognised that many 
woula thereby have been saved, much needless suffering avoide , 
the conquest of diphtheria expedited. 
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Park and the earlv pioneers gave much thought and experimen^o 
find the best mixture of T.A. for the immunisation oE children. The 
balance of toxin and antitoxin had to be precisely adjusted ; if the 
toxin were over-neutralised the rnixmre was not an effective antigen and 
if it were under-neutralised it might be unduly toxic and even dangerous. 
That the right balance had been struck was determined by injecting 
prescribed quantities into guinea-pigs, and thus the practice of ensuring 
the safety of prophylactics'^bv tests on animals was begun. These have 
been developed so that tests for absence of specific and non-specific 
toxicity, antigenic activity, etc., have been incorporated in the official 
regulations and national pharmacopceias of many countries. Actually, 
T.A. was not easy to prepare and, of all the types of prophylactic which 
have been used, it gave the greatest anxiety. This was due to the fact 
that it contained toxin and, although this is neutralised with antitoxin 
and the preparation should be safe, it was a potentially dangerous siA>- 
stance and fatal accidents followed its use in several countries. Viewed 
in retrospect and in the light of what is now known of the way T.A. 
was made, the nature of the union of toxin and antitoxin and the cir- 
cumstances under which they can dissociate, the remarkable thing is, 
not that there were a few accidents, but that there were not many more. 
In this country' the authorities were so concerned at the possibility of 
accident that, for many years and until T.A. became obsolete, samples 
of every batch released for use were tested in the Department of 
Biological Standards at Hampstead for safety and antigenic activity. 


It will be readily understood, therefore, that a 'milestone of very great 
importance in the development of diphtheria prophylactics was the dis- 
covery that the dangerous toxin could be replaced by harmless toxoid. 
In 1898 Salkowski'* observed that diphtheria toxin lost its toxicity when 
treated with formalin. Later workers have determined the conditions 
under which toxicity can be removed and immunising efficiency retained ; 
in general it has been found that when incubated at 37 °C. with a con- 
centration of 0-5 per cent., or less, of formalin, diphtheria toxin loses 
its toxicity completely, usually in about four weeks, but it retains its 
combining power for antitoxin almost unchanged; and Lowenstein^®, 
Glenny'’-^®--^ and Ramon"-'®'-*--^ showed that these non-toxic, sterile 

modifications of toxin ^formol toxoid, anatoxin, or F.T. as they are 

now called — are effective antigens. Lowenstein’s experiments relating to 
tetanus and Glenny’s and Ramon’s to diphtheria. Formol-toxoid is easy 
to prepare, it does not contain sensitising horse serum protein, it is quite 
devoid of specific toxicity' and its specific reaction with antitoxin, in 
vitro, provides a ready method for its measurement by flocculation 
methods. In France it was used on a very large scale for the immunisa- 
tion of children, and later of soldiers, and its success was such that it 
widely UKd in other European countries and in North America 
^ ^niisd States followed the examination by Park 
and his colleagues^" of samples sent to him by O’Brien and his coUeasues 
and the successful application of toxoids made in his own laboratoty- - 
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an important factor in the substitution of F.T. for T.A. in North America 
in 1924 was the complete safety of the former and the rather frequent 
reminder that the latter might, on occasion, become toxic. 

In this country, apart from its use during several years for the London 
County Council s immunisation campaign, formol-toxoid was not so ex- 
tensively used as in other countries and one reason for this was that 
F.T. was liable to cause unpleasant local reactions, especially in adults: 
in this country this has always been regarded as a serious defect partly 
because of the adverse effect on the immunisation campaign. It is pos- 
sible that this tendency to cause local reactions may have been due to - 
the culture medium employed because formol-toxoid prepared in other 
countries, on the type of medium favoured by the French workers, ap- 
pears to have been less objectionable in this respect. Another reason 
for the limited use of F.T. in England was that whereas, in many other 
countries these preparations were found to be so safe, so easy to prepare 
and control and so certain and regular in their behaviour, they were 
regarded as almost approaching the perfect prophylactic, in this country 
formol-toxoid has been regarded, not as the last word, but rather as 
the valuable raw material out of which more perfect antigens could be 
prepared. 

It is interesting to note that it was in this country alone that the 
attempt was made to render T.A. safe by replacing the toxin by toxoid. 
Good service had been given by T.A. but it had now become possible 
to replace it by formol-toxoid, or improve it. Most countries adopted 
■fehe former course, but- in this country an improved and entirely safe 
type of prophylactic was developed from the original T.A. It was 
known that under-neutralised mixtures of toxin and antitoxin were ex- 


cellent antigens, but they were toxic and might be dangerous; by using 
toxoid, or even toxin which had not been deprived of the last traces of 
toxicity, under-neutralised mixtures could be prepared, the antitoxin 
present being more than enough to neutralise the traces of toxin which 
might remain but insufficient to neutralise all the toxoid. These toxoid- 
antitoxin mixtures (T.A.M.)^® were much easier to prepare than T.A. 
because precise adjustment of the two reagents was not so important, 
and some toxoid could be left unneutralised; they were widely used and 


retained their popularity long after more active, and in some ways more 
satisfactory, antigens became available. One instance of the successful 
use of T.A.M. was in Birmingham^®, where some 60,000 persons, mainly 
juvenile, were immunised ; the fully detailed and documented record o 
this city’s effort should be studied, for it demonstrated clearly that the 
disease could be held at bay, many hospital wards could be devoted to 
other uses and diphtheria brought under control at little cost; and it 
showed that the benefits which earlier workers had forecast would, 
indeed, be the reward of the sustained efforts they had called for ten 


years earlier. . , , . , , . „ 

A study of the properties and behaviour of the diphtheria prophylactics 
available at this time showed that some of them were prone to gi e 
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rise to local reactions on injectiont and that dilTerent types of prophy- 
lactic produced their immunising effects in animals, and probably also 
in man. in different ways. Many observations suggested that the former 
phenomenon — local reaction — was associated with the non-specific 
impurities of the prophylactic, some being provided by the broth con- 
stituents on which the diphtheria organism was grown, others coming 
from the products of its metabolism and still others coming from the 
horse serum which provided the antitoxin of the preparation: and that 
the latter phenomenon — the mode of action — was associated with the size 
of the antigenic complex, the rate of its absorption and elimination, the 
long-continued stimulus which it exerted on the immunising mechanism 
an<r, perhaps, the slow dissociation of the combination, or slow release 
of antigen’®. Much information was gained concerning both these points 
by a study of the antigenic properties of the well-washed precipitates ' 
derived from neutral, under-neutralised and over-neutralised mixtures of 
toxin and antitoxin”-’®. It was shown that nearly the whole of the 
activity of a mixture is contained in the precipitate which separates from 
it, that the nitrogen content is remarkably low. that little activity re- 
mains in the supernatant fluid, and that the antigenic activity of the 
fioccuies, or precipitate, is directly related to the composition of the mix- 
ture from which it separates. The sterile emulsions of these toxin-anti- 
toxin fioccuies is a highly purified form of prophylactic and one of the 
earliest to be prepared and, being free from non-specific impurities, it 
seldom gives rise to local reactions on injection. In a later scries of 
experiments” the effect of the various impurities, removed during manu- 
facture, on the antigenic activity of the highly purified floccule prepara- 
tions which remained was determined. 


The main results of these investigations were confirmed by Schmidt 
and Scholtz’^, and from their results and those of Eberhard” they con- 
sidered that these washed toxin-antitoxin precipitates constituted the best 
antigens available at that lime and they were used to a considerable extent 
in Germany; but, although available, they were not used in England. 
This was because the original floccule preparations contained toxin and, 
however firmly bound to antitoxin this may be, it does constitute a 
potential source of danger. In 1927, however, Glenny and Pope’® showed 
that the toxin could with advantage be replaced by toxoid and that the 
resulting Toxoid-Antitoxin Fioccuies (T.A.F.) preparation is a highly 
effective antigen, possessing all the advantages of the similar precipitates 
prepared with toxin and is completely safe. T.A.F. quickly established 
itself as an effective antigen (Harries”, Swyer”, Freeman”) and remains 
to-day, more than twenty years after its introduction, as one of the anti- 
gens of choice in this country. On the large scale it is prepared by allow- 
mg the precipitete vvhich separates from under-neutralised mixtures of 
toxoid and antitoxin to sediment, washing the precipitate several times 
and finally emulsifying it in saline or other suitable solution in one-tenth 

hv tn"’- r ongiml mixture. T.A.F. is characterised 

by the infrequency of local or general reactions following its injection a 


431 



SIR PERCrVAL HARTLEY 


quality which makes it particularly suitable for the immunisation of 
adults, and by its efficacy as indicated by the high Schick conversion 
rate following injection. The fact that it contains horse serum and that 
three spaced injections must be given are drawbacks to its use. 

The introduction of Alum Precipitated Toxoid (A.P.T.) is due to the 
work of Glenny*'’-*^ and his collaborators. There was much evidence 
to show that increased antigenic activity was associated with the slow 
absorption and slow elimination of precipitated antigens^^ and the be- 
haviour of alum precipitated toxoid supported this view. The early pre- 
parations were used for the immunisation of animals and later Glenny 
and Barr^^ emphasised the importance of removing the non-specific im- 
purities from preparations intended for use on human beings. To this 
end Pope and Linggood*^ described the preparation of a culture medium 
of low nitrogen and controlled iron content which yielded high-grade 
toxins; the toxoid prepared from these, after purification with charcoal, 
is precipitated with a predetermined quantity of potash alum and the 
precipitate is further purified by treatment with disodium phosphate 
and saline. The antigenic value of the original toxoid is increased 
from fifty to a hundred fold by converting it into Alum Precipitated 
Toxoid^^. 


Alum Precipitated Toxoid has advantages not possessed by other 
prophylactics which preceded it. It is a relatively pure substance, free 
from sensitising horse serum, slowly absorbed from the tissues and is 
not liable to cause local reactions especially after intramuscular injection: 
most important of all its advantages is that it is effective when adminis- 
tered in two small spaced doses while other prophylactics require to be 
administered by three injections. It is veiy certain in its effects; since 
1941 several million persons, mainly juvenile, have received two injec- 
tions and although it has not been possible to subject them all to the 
Schick Test, it has been shown in small communities which have been 
so tested that very high conversion rates followed such injections^^. 
Expert opinion is divided as to whether the Schick Test should be ap- 
plied after a course of inoculations has been given, but more workers 
would agree that a case for its omission is more easily made out for 
A.P.T. than for any other type of prophylactic. It is claimed that by the 
correct use of preparations of A.P.T. of proved efficiency two visits to 
the clinic will suffice, instead of three, four and sometimes five, which 
may be required with other forms: this is an administrative convenience 
the importance of which should not be underrated. 

With a view to improving still further the antigenic value of crude 
formol-toxoid Holt^^ at the Wright-Fleming Institute at St. Mary s 
Hospital, by the use of semi-synthetic medium in which the iron, sa/t 
and nitrogenous constituents were carefully adjusted, prepared high-grade 
toxins. The optimum conditions for their conversion mto toxoid were 
established and then, by treatment with magnesium and cadmium com- 
pounds, followed by fractionation with ammonium sulphate, the large- 
scale production of purified toxoids of high activity was achieved. .An 
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important development was the successlul drj’ing of these toxoids from 
the frozen state*' and the optimum conditions for their adsorption on 
to pure aluminium phosphate. Bousfield** has reported very fat ourablj 
on the clinical results obtained in the field. Tests on animals and human 
beings show that this latest form of prophylactic P.T.A.P., as it is called 
— ^is a very active antigen and not liable to cause reactions after injection . 
the effect of the quanfity of mineral constituents present in the completed 
antigen has also been investigated and some evidence has been obtained 
that the antigenic activity actually increases on storage, even under ordi- 
nary room-temperature conditions. A new point of great interest and 
of useful practical application is that, since large quantities of the highly 
purified toxoid can be prepared in the dry condition, and that the rest 
of the antigen is provided by pure inorganic salts added in a simple 
manner, the opportunity is exceptionally favourable for the preparation 
of successive batches of P.T.A.P. of uniform potency ; tests of sLx suc- 
cessive batches on groups of 150 children confirmed this expectation*’. 
In view of the almost insuperable difficulties involved in the biological 
assay, by comparativ'e tests in relation to the appropriate standards of 
the different types of diphtheria prophylactic employed in Great Britain, 
this possibility of ensuring a continued supply of antigen of proved 
efficacy is an important advance. 

The different types of diphtheria prophylactic which research has pro- 
vided for field use during the past thirty years form a logical sequence 
and, although the types used to-day are very different from those avail- 
able to the early pioneers, each new arrival owes something to its pre- 
decessor. In the beginning the danger due to specific toxicity was a 
source of real anxiety and the factor which most limited progress for 
many years, but this was removed with the discovery and introduefion 
of toxoid and then the question of local and general reactions claimed 
more attention. Active immunisation remains, however, a procedure in- 
volving the injection of small children, and the inclusion of the Schick 
Test increases the number of injections and adds other difficulties for 
the field worker; to any advance which reduces the number of injections 
must be assigned high merit. Accordingly, the object of research into the 
materials to be used for active immunisation has resolved itself into the 
search for a prophylactic which is free from all danger, which does not 
cause local or general reactions, which is certain in its action, which is 
effective after a minimum number of injections, which produces a high 
level of immunity without undue delay, and an immunity which is long- 
continued and permanent, and not transitory. 


There has been steady progress towards the realisation of these aims, 
but new problems constantly arise. The question of the “ injection of 
or the “ boosting dose ” is more important than ever. Hitherto, 
me n^ssary stimulus to the immunising mechanism established by the 
mjecuon of prophylactic could be looked for. in part at least in the 
exp<«ure of the immunised person to sub-clinical infection- but with 
m tW mcideBc^ of disease tWs eaa „o 
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quality which makes it particularly suitable for the immunisation of 
adults, and by its efficacy as indicated fay the high Schick conversion 
rate follow'mg injection. The fact that it contains horse serum and that 
three spaced injections must be given are drawbacks to its use. 

The introduction of Alum Precipitated Toxoid (A.P.T.) is due to the 
work of Glenny^"’^^ and his collaborators. There was much evidence 
to show that increased antigenic activity was associated with the slow 
absorption and slow elimination of precipitated antigens^ and the be- 
haviour of alum precipitated toxoid supported this view. The early pre- 
parations were used for the immunisation of animals and later Glenay 
and^ Barr^^ emphasised the importance of removing the non-specific im- 
purities from preparations intended for use on human beings. To this 
end Pope and Linggood^^ described the preparation of a culture medium 
of low nitrogen and controlled iron content which yielded high-grade 
toxins; the toxoid prepared from these, after purification with charcoal, 
is precipitated with a predetermined quantity of potash alum and the 
precipitate is further purified by treatment with disodium phosphate 
and saline. The antigenic value of the original toxoid is increased 
from fifty to a hundred fold by converting it into Alum Precipitated 
Toxoid**. 


Alum Precipitated Toxoid has advantages not possessed by other 
prophylactics which preceded it. It is a relatively pure substance, free 
from sensitising horse serum, slowly absorbed from the tissues and is 
not liable to cause local reactions especially after intramuscular injection; 
most important of all its advantages is that it is effective when adminis- 
tered in two small spaced doses while other prophylactics require to be 
administered by three injections. It is very certain in its effects: since 
1941 several million persons, mainly juvenile, have received two injec- 
tions and although it has not been possible to subject them all to the 
Schick Test, it has been shown in small communities which have been 
so tested that very high conversion rates followed such injections*^. 
Expert opinion is divided as to whether the Schick Test should be ap- 
plied after a course of inoculations has been given, but more workers 
would agree that a case for its omission is more easily made out for 
A.P.T. than for any other type of prophylactic. It is claimed that by the 
correct use of preparations of A.P.T. of proved efficiency two visits to 
the clinic will suffice, instead of three, four and sometimes five, whjch 
may be required with other forms : this is an administrative convenience 
the importance of which should not be underrated. 

With a view to improving still further the antigenic value of crude 
formol-toxoid Holt*®, at the Wright-Fleming Institute at St. Mary s 
Hospital, by the use of semi-synthetic medium in which the iron, salt 
and nitrogenous constituents were carefully adjusted, prepared high-grade 
toxins. The optimum conditions for their conversion mto toxoid wer 
established and then, by treatment with magnesium and cadmium im- 
pounds. followed by fractionation with ammonium sulphate, 

Lie production of purified toxoids of high activity was ach,ev-ed. An 
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important development was the successful drying of these toxoids from 
the frozen state*' and the optimum conditions for their adsorption on 
to pure aluminium phosphate. Bousfield** has reported very favourably 
on the clinical results obtained in the field. Tests on animals and human 
beings show that this latest form of prophylactic — P.T.A.P., as it is called 
— is a very active antigen and not liable to cause reactions after injection . 
the effect of the quantity of mineral constituents present in the completed 
antigen has also been investigated and some evidence has been obtained 
that the antigenic activity actually increases on storage, even under ordi- 
narv' room-temperature conditions. A new point of great interest and 
of useful practical application is that, since large quantities of the highly 
purified toxoid can be prepared in the dry condition, and that the rest 
of the antigen is provided by pure inorganic salts added in a simple 
manner, the opportunity is e.xceptionally favourable for the preparation 
of successive batches of P.T.A.P. of uniform potency; tests of six suc- 
cessive batches on groups of 150 children confirmed this expectation*". 
In view of the almost insuperable difficulties involved in the biological 
assay, by comparative tests in relation to the appropriate standards of 
the different types of diphtheria prophylactic employed in Great Britain, 
this possibility of ensuring a continued supply of antigen of proved 
efficacy is an important advance. 

The different types of diphihena prophylactic which research has pro- 
vided for field use during the past thirty years form a logical sequence 
and, although the types used to-day are very different from those avail- 
able to the early pioneers, each new arrival owes something to its pre- 
decessor. In the beginning the danger due to specific toxicity was a 
source of real anxiety and the factor which most limited progress for 
many years, but this was removed with the discovery and introduction 
of toxoid and then the question of local and general reactions claimed 
more attention. Active immunisation remains, however, a procedure in- 
volving the injection of small children, and the inclusion of the Schick 
Test increases the number of injections and adds other difficulties for 
the field worker; to any advance which reduces the number of injections 
must be assigned high merit. Accordingly, the object of research into the 
materiak to be used for active immunisation has resolved itself into the 
search for a prophylactic which is free from all danger, which does not 
cause local or general reactions, which is certain in its action, which is 
effective after a minimum number of injections, which produces a high 
level of immunity without undue delay, and an immunity which is long- 
continued and permanent, and not transitory. 


There has been steady progress towards the realisation of these aims, 
but new problems constantly arise. The question of the “ injection of 
1 ^ 11 ,” or the “boosting dose ” is more important than ever. Hitherto, 
me n^ssary stimulus to the immunising mechanism established by the 
m]ecbon of prophylactic could be looked for, in part at least in the 
ex^ure of the immunised person to sub^linical infection; but with 
the dechne m the incidence of the disease this can no longer be counS 
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upon. For this decline in this country we are indebted to the long- 
continued, many-sided labours of medical officers of health and others 
who have not only organised campaigns and acted as the instruments of 
national policy, but have actually immunised seven millions of our 
people : but while there are solid grounds for satisfaction, there are none 
for complacency and the effort must be maintained. In the absence of 
cases of diphtheria, as a reminder and a threat, it may not be so easy in 
future to maintain this high rate of primary immunisation, nor to convince 
the immunised adult that re-injection is necessary for his continued pro- 
tection and safety. Epidemiologists and immunologists know that the pre- 
sent position of almost assured protection can so deteriorate that, with 
an inadequately immunised juvenile population and an adult population 
in which the immunity has declined, an extremely serious situation may 
develop; the reason for this may not be easy to explain to the layman, 
nor the reason why he cannot acquire protection against diphtheria as 
easily as when threatened with smallpox. Much thought, laboratory 
experiment and field trial will no doubt be given in order to reach a 
decision as to the best type of prophylactic to be used, the dosage, the 
route and the time for the re-injection of our young people all of whom, 
it is hoped, will have been fully inoculated before going to school. It 
does not necessarily follow that the type of antigen which succeeded so 
well in laying down a basal immunity is necessarily the bes,t to use for 
the boosting dose or injection of recall, but there is now almost an 
embarrassment of choice of highly purified prophylactics available. The 
present indications are that it may be necessary to test each candidate 
for reinjection by the application of the Schick Test or some modified 
form of it, and to proceed in accordance with the result of that test. 
It will be interesting to see whether the increasing use of highly purified 
antigens affects the reaction of the individuals, and populations, to subse- 
quent injections in later life. 
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Except in cases where partial separation of the oxytocic and pressor 
principles of posterior pituitary lobe have been made, this material is 
usually assayed by methods principally dependent on the oxytocic 
hormone. We have recently observed several instances of wide varia- 
tion in the results obtained with the same sample of posterior pituitary 
lobe powder when assayed in different laboratories by the guinea-pig 
uterine method, and felt that a fairly comprehensive investigation of the 
slightly different techmques used might be of value. 

Since the guinea-pig uterine method was originally described by Dale 
and Laidlaw^, many workers have introduced minor modifications de- 
signed generally to overcome difficulties they have encountered them- 
selves. Kochmann^, for example, found that guinea-pigs weighing 200 
to 250 g. were difficult to obtain in large numbers, and he therefore 
investigated the conditions under which the uteri from larger guinea- 
pigs could be used. He discovered that a decrease in the concentration 
of calcium chloride and an addition of magnesium chloride made pos- 
sible the use of uteri from pregnant guinea-pigs, the weight of the animal 
being immaterial. Dale and Laidlaw', however, had previously stated 
that a rapid decline in responses to successive equal doses of posterior 
pituitary extract was shown when the calcium chloride was reduced to 
half the concentration in normal Ringer’s solution. Bum and Dale’ 
reported that any method which involved the suppression of automatic 
rhythm by the reduction of calcium was unsuitable for their purpose. 
They insisted on the desirability of stating the composition of the Ringer s 
solution used when comparative results were presented, because changes 
in the composition of the physiological salt solution modified the sensi- 
tivity of the uterine muscle to pituitary extract, to histamine, and to 
potassium chloride, in varying degrees, and in different directions. This 
statement is important since many experimenters have looked for con- 
ditions under which the uterine assay may be performed more quickly 
and cheaply without considering the relative effects of their conditions 
on the response produced by the different hormones of the posterior 
pituitarv gland. The principal modifications have been directed toward 
the eliiiiination of the type of rhythmic response, occurring frequently, 
in which the uterus does' not contract when stimulated by posterior 
pituitary extract, in proportion to the concentration of the drug in he 
bath. 
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The Ineluehce of the Composition of the Ringer s Solution 
Apparent success in the development of a more reproducible response 
has followed modifications of the Ringer’s solution in which the uterine 
muscle is bathed. The work of de Jalon‘ showed that by dosing 
the amount of calcium chloride in the Ringer’s solution to 0 01- per 
cent, and by increasing the magnesium chloride to 0 029 per cent, 
responses were obtained in which the contraction was proportional to 
the concentration of posterior pituitary extract, whilst at the same time 
the sensitivity was increased. Hsu^ followed up the work of de Jalon 
and found that the assay of the oxytocic principle may be greatly 
improved by the use of 0'045 per cent, of magnesium chloride. He clairned 
that the muscle response was increased, that the spontaneous alternating 
rhythm of the uterine muscle could be broken or prevented, and that 
histamine did not interfere. A. M. Frazer*, however, was able to show 
that postlobin-V when measured against postlobin-0 using Van Dyke 
and Hastings’’ solution (a Ringer solution containing a large quantity of 
magnesium) had an oxytocic activity four times as great as when 
measured against postlobin-0 in ordinary Ringer-Locke’s solution, and 
that magnesium chloride increased the response of the guinea-pig’s uterus 
to both postlobin-0 and postlobin-V, the increase in response to the 
latter being much greater. This aspect of the assay technique was the 
first to be studied in these laboratories, since the results obtained in 
five different laboratories with a single sample of posterior pituitary lobe 
powder had ranged from 400 to 2,000 units /g., and it was known that 
there were difierences in the saline solutions used throughout these com- 
parative assays. 


Methods Employed 

The usual isolated guinea-pig uterus preparation svas used, the animals 
being virgin albino guinea-pigs weighing 200 to 250 g. The vessel con- 
taining the uterine muscle had a capacity of 20 ml. and no metal was 
m contact with the muscle or the solution, the uterus being impaled 
upon a glass spike at the bottom of the bath, and attached to the writing 
lever by a glass hook and a length of thread. The bath was aerated by 
compressed air, which we have always found to be satisfactory, instead 
of by oxygen as normally stipulated. Where normal Ringer’s solution 
is referred to, the formula given by the British Pharmacopoeia 1948 has 
been employed, and the modifications of salts to be described have been 
made to this basic solution. All records have been made using a 2x 
magnification by means of a light aluminium lever with frontal writing 
point, and a kymograph surface speed of 1 mm. per minute. Through*^ 
out Ae following experiments, only the magnesium chloride concentra- 
tion has been modified, and the effect has been observed with mixtures 
made up from pitocin and pitressin (the purified oxytocic and pressor 

alone. The dose/response relationship was determined for the sub- 
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““me responses to two different concentrations of the particular 

chTiH w ' ™”“““ o' Anesium 

a^Skfn rf °° ‘i"' 0' ae hormones was eiLined: 

section of an experiment is exemplified in Figure 1. The results were 



Fig. I. The influence of the addition of excess of magnesium chloride to Ringer's 
solution on the response of the isolated guinea-pig uterus to pitressin. 

Doses of Pitressin in ml. 

A = Pitressin, 20 pressor units per ml.; dilution 1 ; 120. 

I'O M = I’O mg. of magnesium chloride. 

expressed as the percentage increase in the response, and these values 
are shown in column 3 of Table I. A number of observations were 
made upon different uteri for each concentration of excess magnesium 
chloride. The results of Table I are expressed graphically in Figure 2, 
dotted vertical lines indicating percentage standard error, and show that 
in a concentration of 0-00125 per cent, of magnesium chloride in excess 
of that in the normal Ringer’s solution, the potentiation effect both to 
pitocin and pitressin is practically nil, whilst at the excess concentra- 
tions of 0-0025 per cent, and 0-005 per cent, of magnesium chloride 
the response to both pitocin and pitressin is greatly enhanced, the poten- 
tiation of pitressin being much greater than that of pitocin. From 0-01 
per cent, to 0-05 per cent, increase is observed for both hormones, 
although there is no significant difference between the influence of excess 
of magnesium chloride in either case. At a concentration of 0-1 per 
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cent, of magnesium chloride in excess the potentiation of pitocin far 
exceeds that shown by pitressin. 

In the main, the results support the work of Fraycr", whereas his 
obserxations were made by introducing magnesium chloride into saline 
solution from which it was previously absent, the experiments described 

TABLE t 

The influence of fxcess of magnesium chloride on the responsf oi the guinta- 

rlG UTERUS to rlTOClN AND PITHrSSlN 

Basal concentration of magnesium chloridi in ringfr solution 

> =0-00025 per cent. 

^nercave m Response 


Excess Conccnlralion 
of Magnesium Chloride 


Number 
of Uteri 


Per cent. 


Pcrccniagc 

Standard 

Error 


Pitocm 


0-00125 

0-0025 

0-005 . . ' . , 

0*01 

0-025 

0-05 

0-1 

6 

4 

5 

' 

5 1 

Ay 

82 

70 

45 

46 

187 

2-1 

4 4 

2-2 

26-6 

24-8 

24-8 

3-0 




PitrcvMn 


o-ooia 



nil 


0-0025 

2 


129 

9-0 

0-005 

5 


104 

10-6 

O-OI 



44 

10-0 

0-025 

% 


59 

IB-I 

0 05 

4 


95 

30 5 

0 1 

“i 


76 

2-0 


above contained a minimum concentration of 0-00025 per cent, since 
uteri did not produce good contractions when stimulated with either 
pitocin or pitressin in a solution from which magnesium chloride was 
absent. 

The second stage of the study of the effect of varying concentrations 
of magnesium ion comprised a series of assays of solutions with ratios 
of pitocin to pitressin from 4-0 down to 0-125 using the Ringer’s solu- 
tion proposed by (a) the British Pharmacopoeia 1 948 (magnesium chloride 


TABLE It 

Typical differences in guinea-pig uterine assay results using two usual 

FORMUL/E FOR THE PHYSIOLOGICAL SALT SOLUTION 


Ralio pitodn/pUressin 


4-00 

2-00 

UOO 

0-50 

0*25 

0-125 


Actual 

Ringer's solution i 

Ringer s solution 

total oxilocic 

B.P. 1948 

1 Nsith added Me. 

potency U/ml. 
t 

potency found U/rnl. 

1 (Hsu')» 

! 

10 1 

8-0 

‘ 10-6 

10 2 

9 '2 

tO-6 

10 4 

10 0 

10-6 

10-8 

9-3 

1 13-6 

116 

II-2 

13-6 

n 2 

13 0 

19-2 


* Hsu5 Ringer contains 0 -045 per cent, of magnesium chloride. 

Ditre« o^ytocic hovmone impurity in 
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concentration 0-00025 per cent.), and (b) Hsu= (magnesium chloride con- 
wntotion 0-045 per cent.). The solutions were assayed against an extract 
of Ae Inte^ational Posterior Pituitary Powder. The results are seen 
Table II and ^ow that the pressor principle exerts a significant 
oxytocic action when the ratio of pitocin to pitressin 0-50 or less. 



Fig. 2. — ^The effect of the addition of excess of magnesium chloride to Ringer’s 
solution on the percentage increase in response of the isolated guinea-pig uterus 
to both pitocin and pitressin. 


if Ringer’s solution containing 0-045 per cent, of magnesium chloride is 
used. The potency found in Ringer’s solution of the British Phanna- 
copceia 1948, for a mixture in which the ratio of pitocin to pitressin is 
4-0 is significantly less than the actual potency, assuming a statistical 
limit of i20 per cent. 


Variation of Calcium Ion Concentration 

Since previous wo^ke^s=•^ claimed that physiological salt solutions wi^ 
concentrations of calcium chloride different from that which is used in 
normal Ringer’s solution have led to the improvement of uterine responses 
to posterior pituitary extract, the effect of varied concentrations of calcium 
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chloride m the othewise unchanged solulion_^ the 

to pitocin and pitressin was studied next. The proc n _n„n’sium 

similar to that employed for the studies with cxc^s 

chloride. Fiaure 3 shows a section of a typical expenment in jh jh the 

increase in the response to pitressin was 

calcium chloride. Table 111 gives the results obtained, also expressed 



Fig. 3. — The influence of the addition of excess of calcium chloride to Ringer’s 
solution on the response of the isolated guinea-pig uterus to pitresrin. 

Doses of Pitressin in ml. 

A = Pitressin, 20 pressor units per ml.; dilution 1 : 120. 

20 0 C = 20 0 mg. of calcium chloride. 

graphically in Figure 4. At a concentration of 0'005 per cent, of calcium 
chloride in excess, pitocin shows a potentiation of 47 per cent whilst 
there is no potentiation with pitressin; at concentrations of 0-01 per cent, 
and 0 025 per cent in excess the potentiation with pitressin is greater than 
the potentiation with pitocin. There is no significant difference between 
the increase of pitocin and pitressin at a concentration of 0-05 per cent 
of calcium chloride in excess, whilst at a concentration of OT per cent, of 
the salt in excess it is the pitocin which shows the greater potentiation. 

In the absence of calcium chloride from the Ringer’s solution no 
^ponse was ©ven by the uterus to pitressin. The slight response that 
IS shown in Figure 5 is probably due to a small amount of oxytocin as an 
impurity. Attempts to assay pitocin in the absence of calcium chloride 
were not successful. These observations on the effect of different concern 
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TABLE III 

The influence of excess of calcium chloride on the response of the guinea- 
pig UTERUS to PITOCIN AND PFTRESSIN 
Basal concentration of calcium chloride in ringer’s solution 
=0 -024 per cent. 


Excess Concentration 
of CaJcium Chloride 


Number 
of Uteri 


Increase in Response 


I 


Per cent. 


Piloein 


Percentage 

Standard 

Error 


0 0025 



... 

3 

2 

•0 

0-005 




2 

47 

1*0 ' 

0-01 




2 

18 

5*0 

0*025 




4 

18 

7-0 

0*05 



... 

S 

52 

8*6 

O'l 



... 


5 104 

9-8 






. Pitressin 


0-0025 




7 

—20 

11*5 

0*005 




3 

2 I 

il*3 

0*01 




3 

1 35 

4*9 

0*025 




3 

‘ 37 

12*4 

0*05 




4 

38 

9*4 

0*1 




4 

< 62 

1 

I2-S 

125- 

I PITRESSIN 


100 - 


75-t 


o 

a. 


CC 

c 


SO- 


25 -t 


0 4 


25- 


T 



O I 


0.0025 0 0 0 5 0.01 O 025 0 05 

Percentage Concentration of Excess CaC). (Log Scale) 

Fig. 4.-The effect of the addition , of excess 

solution on the percentage increase in response of the isolated gui p g 
to both pitocin and pitressin. 
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MIN 


Fig. 6. The response of the isolated guinea-pig uterus in Ringer’s solution 
containing no dextrose to doses of pituitary extract. 

S = ml. of Extract of International Posterior Pituitary Standard 2 I.U. per ml.; 

dilution 1 : 80. 

albino guinea-pigs on each of 6 consecutive days. Stilbcestrol, 1 mg/ml. 
in ^achis oil was given, at the same time, to another group of 6 virgin 
albino guinea-pigs each receiving 0-5 ml. subcutaneously on 6 occasions at 
intervals of 2 days. The concentration of drug at which the uterus 
just responded was taken as the limiting sensitivity of the uterus. The 
limits for pitocin and pitressin were observed, and the results are given 
in Table IV. 


TABLE IV 

The sensitivity to pitocin and pitressin of uteri from virgin guinea-pigs 

TREATED WITH PROGESTERONE AND STILBCESTROL 



1 Uterine Sensitirily 1 

Pitressin ! Htocin j 

milliunits/ml > milliuniis'ml | 

Sensitivity 

Ratio 

Pilocin/Pitrcssin 

Progesterone-treated guinea-pigs j 

O CM to 0 33 

j 0-08 to 0-26 { 

1 OS 

Stilboestrol-treated guinea-pigs ... ^ 

O Ot toO 04 

’ 0 002 to 0 018 ; 

2 50 

Sensitinty ratio of progesterone- 
treated guinea-p/gs tostilbcrstrol- , 
treated guinea-pigs 1 

1 

a- 138 

1 0-058 J 



The ratio of the sensitivity of pitcx:in and pitressin in the case of uteri 
from guinea-pigs treated with progesterone is 1 "08. which indicates that 
pitressin exerts as great an oxytocic activity as pitocin. unit per unit, 
whilst in the case of^he uteri from stiJboestrol-treated guinea-pigs the ratio 
is 2-50. pitocin thus exerting a greater oxytocic action than pitressin. The 
ratio of the sensitivity of the uteri from progesterone-treated guinea-pigs 
to those of stilboestrol-treated ones, shows that in both cases the latter 
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treatment produces the greater sensitivity, and this is even 

with pitocin than with pitressin. The actua tracings 

response to posterior pituitary extract with the uteri from stilbcestrol 

Sted guinek-pias were extremely rapid, reaching their 

tracdon in a few minutes, and also that there was no base rhythm (sw 

Fig. 1 ). In the case of the uteri from gumca-pigs treated with 



Fig. 7. — The response of the isolated uterus of a stilbcesiroMreated virgin guinea- 

pig to pitocin. 

P = dose of pitocin in milliunits. 

progesterone, however, the response to posterior pituitary extract was 
somewhat slower and the base rhythm was not abolished (see Fig. 8). 
SufBcient data were available to construct a histogram, shown in Figure 
9, giving the average number of guinea-pigs, including failures, used for 
each assay every month during the period 1942 to 1946 inclusive. The 
blocks indicate the standard error. No one period of the year shows any 
very significant reduction in the number of guinea-pigs used per assay, 
though there is some indication that in July, August and September fewer 
guinea-pigs were used per assay than at other periods of the year, as 
indicated in the graph. 

The Influence of Temperature 

Hamburger® has reported on the influence of changes in temperature of 
the Ringer’s solution upon the response of guinea-pig uteri to posterior 
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Fig. 8. The response of the isolated uterus of a progesterone-treated virgin 

guinea-pig to pitocin. 

P = dose of pitocin in milliunits. 


pituitary extract. This effect we studied sufficiently to show that slight 
changes in temperature of the Ringer’s solution do modify the response 
of the uterus to the hormonal extract, our observations being in close 
agreement with those of Hamburger. 37°C. is a suitable temperature at 
which to conduct the assay. 


Discussion of Uterine Methods 
Attempts have been made from time to time to establish an isolated 
uterine method of assay from which limits of error can be calculated. 
Hamburger'® modified the method of Burn and Dale ® and obtained for 
each guinea-pig uterus a number of contractions with posterior pituitary 
extract with doses ranging from that which produces maximum response 
to that producing minimum, and on the basis of the average height of 
the contractions for the individual doses plotted dose/response curves 
for the standard and unknown solutions. He introduced a dose into the 
bath every 10 minutes but in our experience this was not very practicable 
for rarely did the uterus relax before the introduction of the next dose 
into the bath. Introducing a dose immediately relaxation was achieved 
modified the subsequent response, but rhythm was not impaired. 

MorrelP et al. published a method based on a quantal response, and 
used the uterus of the virgin guinea-pig weighing 280 to 480 g. Regres; 
sion lines were computed from which the error of 
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calculated. Tbcv employed Van Dyke and Hastings’^ solution which 
contains 0 005 per cent, of calcium chloride and 0 009 per cent, - 
nesium chloride. A later paper published by Bachmski cl al. stated 
that althoudi the method using the quantal response possessed several 
advantages over the official uterine method it lacked the precision obtain- 
able with a graded type of response. This paper sets out a uterine 



Far- 9,— Histogram of the average number of virgin albino guinea-pigs used per 
assay for each month during the period 1942-46 inclusive. Narrow white strips 
indicate the mean values. 

Blocks indicate the standard error. 

method in which use is made of a quantitative response and yet the results 
stated in Table V of that paper show that 16 out of 23 results give per- 
centage standard errors which do not include the true potency of the 
extracts assayed. 

HoIton’= has recently described a precise and rapid method using the 
uterus of the rat maintained at 32'’C. in a salt solution in which the 
calcium and ^ucose concentrations are respectively J- and I that of 
Ringer’s solution. Doses are randomised and limits of error are calcu- 
lated. the mean percentage standard error is stated to be 2-16 from 
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8 satisfactory assays. The small limits of error have been confirmed 
in this laboratory though in one case they did not cover the true potency 
of a dilution of a commercial extract assayed against itself. 

Of the four methods in use, three different modified Ringer’s solutions 
are described, whilst the uteri from guinea-pigs in different stages of the 
sexual cycle have been used, and in one case the uterus from the rat. 

^ Bachinski and Alhnark^^ studied the oxytocic activity of pitocin and 
pitressin on isolated segments of uteri from the guinea-pig, rat, rabbit 
and man. The muscle strips were excised at the normal, parturient, and 
postpartum states. A marked difference in response to pitocin and 
pitressin was observed. The uteri of the normal rabbit more nearly 
approached that of the “ in vitro ” parturient human uterus in the relative 
oxytocic activity of pitocin and pitressin in a given pituitary extract. 
They used Van Dyke and Hastings’* solution since its magnesium 
chloride concentration approximates the serum level of the pregnant 
woman. Bachinski and Allmark*® claim that any indirect method such 
as the chicken depressor method may not agree with an assay using 
rabbit or human uterine strips. The difficulty encountered with any 
isolated uterine method, however, is the inability to make the method 
workable in different laboratories under exactly similar conditions, and 
a criterion of a method of standardisation must be that samples assayed 
in one laboratory shall be found to have the same potency, within statis- 
tical limits of error, as the same samples assayed in other laboratories. 

Of the uterine methods the rat uterine assay is the most accurate since 
statistical limits can be computed, but the rat uterus is not similar to the 
paturient human uterus, according to Bachinski and Allmark*®, and 
furthermore, in the light of the work which has been described in this 
paper there is reason to suspect that the rat uterus would be influenced 
by oxytocin and vasopressin to different degrees under variable conditions 
of assay. The factors involved are the variability of the different mam- 
malian uteri to oxytocin and vasopressin, the sexual state of the uteri 
and the influence of one or all of the constituents of the physiological 
salt solutions in all their varying concentrations. Because of these factors 
the chicken depressor method for the assay of the oxytocic principle was 
examined. 


The Chicken Depressor Method 

Coon*'* gave a detailed account of the chicken depressor phenomenon 
and method of assay, and Thompson*® later refined and modified the 
method to give a very precise assay from which limits of error could be 
calculated. Although Thompson gives one result which differs signifi- 
cantly from the value obtained by the guinea-pig uterine assay, the latter 
appears to have been conducted on one uterine strip only, and it has been 
our experience, in the performance of many hundreds of uterine assays, 
that occasionally an answer produced consistently by one uterus for a 
given sample of posterior pituitary extract cannot be produced with 
subsequent uteri. Because **of this, uterine assays have always t^n 
performed on a number of uteri. As it was impossible to obtain white 
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Leghorn cockerels we used Rhode Island Red cockerels weighing M to 
1-8 kg. The responses to pituitary extracts were very small indeed, and 
in tv-’o cases no response was produced at all. Light Sussex cockerels 
were in reasonable supply and these we finally adopted for the assay. 

Method 

The birds, weighing T8 to 2'3 kg. were anaisthetiscd by injecting 
phenobarbitone sodium ISO mg. /kg. into the brachial vein. The 
popliteal artery and crural vein were dissected out and the blood pressure 
recorded from the former using a capillary mcrcurj' manometer. 8-5 per 
cent, of sodium citrate was used as anticoagulant. Tltc International 
Standard Posterior Pituitary Extract. 2 oxytocic units per ml. was diluted 
10 times with 0 9 per cent, saline solution and a volume not exceeding 
0 4 ml. was injected rapidly into the crural \cin. The doses were intro- 
duced into the vein at inlers’als of 3 to 5 minutes, but once the timing 
had been established it was strictly adhered to throughout the assay. 
A fall in blood pressure of 30 to 60 mm. of mcrcuiy was usually achieved. 
The unknown solution was diluted to a strength assumed to be equal to 
that of the Standard. Table V shows the results obtained in a compari- 
son between the guinea-pig method of assay, usinc the Ringer's solution 

TABLE V 

Co'.fPARISON OF THE GUINEA-PIG UTERUS AND CHICKEN BLOOD PRESSURE METHODS 
FOR THE MEASUREMENT OF OXYTOCIC ACTOTn’ 


Sample 


A 

B 

C 

D 

E 

F 

G 


ChicV.cn 

GmnW'pig 

Ratio 

depressor method 

uienis 

C 

U,g = SE (O 

U/g (Gp> 1 

Cp 

677 = 52 

700 1 

0 967 

S72 - 70 

875 

0 997 

762 z: 49 

637 1 

1 196 

792 z: 6S 

700 

1 131 

921 zr 49 

900 

I 023 

785 z: 65 

824 

0 950 

467 - 44 

500 

0 91S 


proposed by the British Pharmacopceia 1948, and the chicken depressor 
method as described above. The 4th column, with the ratios C/G 
indicates the satisfactory agreement between the two methods of assay 
under the conditions stated. 


Table VI gives the results obtained when mixtures of pitocin and 
pitressin were assayed. Pitressin exerted no oxytocic eSect over a range 
of fte ratio of pitocin to pitressin from 4-0 to 0-125. Coon found with 
white Leghorns that the ratio of oxytocin to vasopressin should not be 
less than 0 4 otherwise the vasopressin would influence the oxytocic 
respoi^e. The chicken depressor method has the added advantage 
over the guinea-pig uterine method is. that it is easy to perform and the 

interfere with the ratio of pitocin to pitressin 

dav S have been assayed on one bird in a 

day with 8 to 10 doses of the unknown per assay. As with the uterine 

S’ obtained with any one animal, however, should not be 

used unless confirmed at least once again on another bird. 
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As the guinea-pig uterine method is still the official method for assay- 
ing posterior pituitary extracts, this test is also performed m these 
laboratories, and confirmation has been obtained m 71 cases between 

TABLE VI 

The influence of different ratios of pitocin to pitressin on the assay of the 

OXYTOCIC PRINCIPLE OF THE POSTERIOR PirUTTARY LOBE GLAND BY THE CHICKEN 

depressor method 


4 00 
2 00 
1 00 
0 50 
0 25 
0 125 


Ratio pitocin/pitressin 


Actual total 


I 


ox>toctc potency 
U/ml* 


10 I 
10 2 
to 4 
10 8 

11 6 

n 2 


Potency found 


10 3 

11 2 
9 7 

10 S 

11 1 
11 t 


Limits of error 
(P = 0 95) 


9 3 to I) 3 
S 9 to 13 < 
8 4 to II 0 
10 0 to II 6 
10 I to 12 I 
8 3 to 13 9 


1 


Allowance hae- been made for 4 per cent, of oxytocic hormone impurity in pitressin 
and for 4 per cent, of pressor hormone impurity in pitocin in computing the actual 
total oxytocic potencies of the solutions 


this method and the chicken depressor method Furthermore, the chicken 
assay is a less costly test than the official method, and its greatest 
advantage lies in the fact that limits of error can be calculated and are 
of small magnitude. 


The Study of Commercial Posterior Pituitary Powders and 

Extracts 

Recent investigations into the large-scale extraction of posterior 
pituitary lobe powders revealed the fact that the oxytocic and pressor 
ratios in the extracts are not necessarily unity. In Table VII the results 

TABLE VII 

Extraction of commercial samples of posterior pituitary lobe powder under 


DIFFERENT CONDITIONS OF MANUFACTURE 




1 

Oxytocic 



Treafmenj 

Pressor activity 

1 u/g 

(depressor) activity 
U/b ± Std error 

' Ratio 

t exMocm/vasopresstfr 



1 

U/g 

1 

A 


^ 888 

883 J: 56 

I 00 

B 


552 

677 - 52 

1 22 



482 

196 := 14 

0 41 

b 


658 

508 - 21 

0 77 


of four different extraction treatments are recorded. The ratio of oxy- 
tocin to vasopressin for treatment C is 0 41 and is significantly greater 
than that of any other. McClosky’® et al. has shown that in whale 
hypophysis also the ratio of vasopressin to oxytocin is greater than unity. 

The method adopted for the assay of pressor activity was dcKribed 
fay Kamm'* and his co-workers. Table VIII shows the results obtained 
In this laboratory' for commercial extracts when assayed usi^ 
ger’s solution proposed by the Bntish Pharmacopeia. All the products 
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v>ere labelled 10 oxytocic units/ml. and their potencies range from 7-7 to 
il-0 oxN^ocic units/ml. 

Figure 10 is a tracing of an actual test, which is performed by obtain- 
ing two different submaxiraal responses to the extract of posterior pitu- 
itary’ standard. Next a dose of the unknown which cincs a response 
intermediate between those of the two different standard responses is 
found. The three responses are repeated in a re\crsc sequence. Such 
a method shows whether or not rhythm has been introduced, in the latter 

TABLE VHI 

RisULTS OBTAIN-EO for the OXfTOaC ACTIMTI of COv'MERaAI- POSTERIOR pituitary 
extracts, labeleed to conform with the bp. regulations of 10 0 OXTTOaC 

UNTTS per vtL., WHEN ASSATTO BY THE GUIN-EA-PIG UTERUS METHOD USING RINGER’s 

SOLUTION BP. 1948 


Simple 

Po’t^rv U ml 

Dmus U nl* 

A 

10 0 

8 6 to n 4 

B 

s s 

7 5 to 10 0 

C 

7 S 

6 7 i£> S 9 

D 

It 0 

10 0 to 12 2 


S 8 

^ to 10 t) 

F 

7 8 

6 7 to S 9 


* Range of upper and lower doses used in bracLctting arrangement desenbed for 
the utenne assay. 




vj 


017 


MIN 


WjJ 

0.6 0.8 
5 s 



Fio 10 -Typical example of the isolated guinea-pig uterine assay of a poslenor 

pituitary extract. 

”dSn'*nm International Postenor Pituitary Standard 2 lU. per ml.; 

T= ml. of Unknown, dilution 1:600. 
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case the test is discarded. At least two such complete tests are obtained 
from different uteri to constitute an assay. 

Summary 

Work has been described which shows the errors which may be en- 
countered under different experimental conditions of the uterine assay 
of oxytocin, or commercial posterior pituitary extracts where the ratio of 
oxytocin to vasopressin is not unity. 

1. By increasing the concentration of magnesium chloride in the 
British Pharmacopoeia 1948 Ringer’s solution, the response of the guinea- 
pig uterus to pitocin is increased. 

2. The response of the guinea-pig uterus to pitressin is also poten- 
tiated by increasing the concentration of magnesium chloride, but to a 
different extent than is pitocin. 

3. Different concentrations of calcium chloride in the Ringer’s solu- 
tion produce potentiation to both pitocin and pitressin, but to different 
extents. 

4. The pressor principle does not produce any oxytocic effect on the 
uterus suspended in Ringer’s solution from which calcium chloride is 
absent. 

5. The absence of glucose from the Ringer’s solution produces rapid 
fatiguing of the uterme strip. 

6. Temperature regulation of the Ringer’s solution is very important. 

7. The sensitivity of uteri from guinea-pigs treated with stilbcestrol 
is greater than the uteri of progesterone-treated guinea-pigs to both 
pitocin and pitressin. 

8. The ratio of the sensitivity of uteri from progesterone-treated 
guinea-pigs to pitressin and pitocin is almost unity, whilst the ratio of 
sensitivity for the uteri of guinea-pigs treated with stilboestrol indicates 
that the uteri are more sensitive to pitocin than to pitressin. 

9. Seasonal variation in the number of virgin albino guinea-pigs used 
per assay was not found to be significant. 

10. The ratio of oxytocin to vasopressin in the test samples must be 
the same as the ratio which is stated for the standard. 

11. The type of uterus and the physiological salt solution should be 
stated. 

12. It is recommended that the modification of Ringer’s solution 
proposed by the British Pharmacopoeia 1948 should be used for the 
guinea-pig assay, and that the uterus of the guinea-pig should be that 
of a virgin in dicestrus. 

13. The chicken blood depressor method offers many advantages over 
the isolated guinea-pig uterine method. It is cheaper and quicker to 
perform, and is more accurate in that narrow fiducial limits can be 

obtained. . a - a 

14. Until the chicken blood depressor method has been studi^ 
exhaustively in many laboratories engaged on the assay of the oxytocic 
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principle, the guinea-pig uterine assay should be run in parallel wth the 
former. 

I wish to thank Dr, R. H. Thorp for his guidance and helpful criticisms. 
Miss B. Bridgland for technical assistance and the Directors of the Well- 
come Foundation, Ltd., for permission to publish this paper. 
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THE ISOLATION OF BASES FROM URINE CONCENTRATES 
By Mary F. Lockett. 


From the Pharmacology Laboratory. University College. London 
Received April 6, 1949 

In previous communications (LocketF’^) the name base B was applied to 
a compound present in the concentrates' of steam distillate from normal 
dog and human urine, which had the property of raising the blood 
pressure of chloralosed cats, when injected intravenously. Concentrates 
of base B gave a non-specific colour test (x) when picric acid in chloro- 
form solution was added to the base dissolved in a mixture of toluene 
and chloroform. Attempts to separate a compound responsible for colour 
production from that having pressor effect, or to demonstrate more than 
one compound responsible for either property failed. The methods 
employed were numerous, and included a long series of adsorption 
experiments, the use of many different precipitants and solvents; some of 
these experiments have been summarised (Lockett®). The two tests, 
colour production and pressor effect, were therefore considered to indi- 
cate the presence of a single compound which was shown to be volatile 
in steam, soluble in water, alcohol, chloroform, benzene and toluene, but 
to be insoluble in ether and light petroleum. It was unstable to acid and 
was readily oxidised. 

In the first part of the present communication an account is given of 
the separation of base B of dog urine as the reineckate. The second part 
deals with the isolation of degradation products which were obtained 
from base B concentrates of human urine, and not from the reineckate. 
Two basic degradation products, piperidine and pyrrolidine, were 
obtained in pharmacologically significant amount, and had pressor 
activity. It was therefore of interest to compare the pharmacological 
actions of base B concentrates with those of these two degradation pro- 
ducts. The pharmacological evidence (Lockett *) showed that the pressor 
activity of base B concentrates could be distinguished, in a number of 
ways, from that of piperidine and pyrrolidine; it therefore supported the 
chemical evidence that these last two bases were only obtained from 
base B concentrates by degradation. 


Methods 


Preparation of base B concentrates. Two methods were used, and 
gave concentrates of approximately equal .pressor activity and solid 
content per litre of original urine. The reineckate of base B separated 
more readily from concentrates prepared by method 2. 

Method 1. This has been described under the heading of the prepara- 
tion of concentrates of x-positive base (Lockett®). Nicotine was removed 


by adsorption on blood charcoal. 

Method 2. The urine was brought to pH 1 1 -6 (sodium hydroxide), ^d 
was submitted to continuous ether extraction for 24 to 30 hours. I he 
extracted urine was distilled in steam. pH 12 0 (sodium hydroxide! and 
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the distillate was concentrated in vacuo, below 35" C.. without the addition 

of acid. No blood charcoal was used. 

Separafion of the reineckate of base B from dot: urine. Base B concen- 
trates were prepared by method 2 from successive 3 1. fractions of dog 
urine. Each concentrate (vol. 3-0 to 4-0 ml.) was neutralised to litmus 
as external indicator with N/1 sulphuric acid. A 4 per cent, solution of 
ammonium reineckate was added until no further precipitation (xcurred. 
and the solution remained well coloured. After standing in the ice^hest 
for 48 hours, the crude reineckate was collected, washed by centrifuga- 
tion, and dried over calcium chloride; the collected reineckate was 
recrystallised from methyl alcohol. 

The degradation of compounds present in base B toncentrates from 
normal human urine. Incomplete o.xidation with potassium perman- 
ganate in acid solution. Successive fractions of base B concentrates from 
413 1. of normal human urine were treated with N / 10 potassium perman- 
ganate in 1 per cent, sulphuric acid at room temperature, the oxidation 
being carried to a point just beyond the end of the rapid phase (2 to 31 
hours). The manganese dioxide was filtered ofi. and the filtrates were 
combined and distilled in steam from acid solution; the distillate gave a 
precipitate with silver nitrate, in the presence of nitric acid. After cooling 
the flask contents were extracted with ether; the ether extracts were dried 
over anhydrous sodium sulphate, the ether was removed by distillation, 
and there remained a small quantity of ether-soluble oil. The ether- 
extracted acid aqueous solution was freed of ether, cooled in ice. made 
alkaline with sodium hydroxide, and distilled in steam, dilute hydro- 
chloric acid traps being used to prevent the escape of highly volatile 
bases. The distillate was acidified with hydrochloric acid, the trap 
contents were added, and the whole was evaporated to drjmess under 
reduced pressure. The residue of crude hydrochloride was several times 
treated with alcohol and again evaporated to dryness. A search was 
made, without success, for non-volatile bases remaining in the flask con- 
tents after distillation from alkaline solution. 

Complete o.xidation with potassium permanganate in alkaline solution. 
The procedure differed little from that described for oxidation in acid 
solution. The concentrates were derived from 306 1. of urine. Oxida- 
tion with N/10 potassium permanganate in 2 pet cent, sodium carbonate 
solution was carried to completion. The combined filtrates were acidi- 
fied with sulphuric acid, and were worked up as described above under 
oxidation in acid solution. 


Results 

Precipitation of base B as the reineckate. Neutral one-thousandfold 
concentrates of base B, prepared by method 2 from dog urine, yielded 
a cprstalhne powder when treated with ammonium reineckate The 

by SStfw separation was attended 

^ 1 pressor activity from the supernatant fluid (Fig 1) 

tainea per 1, ot ong.nal urine. One-fitth ot this weight lepresented 
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ba^. Since base B concentrates contained approximately I mg. of 
solid per 1. of urine, there were other pharmacologically inert compounds 
present m base B concentrates which were not precipitated by ammonium 
reineckate. 

Eight recrystallisations of the reineckate from 24 1. of dog urine yielded 
a compound which composed 90 per cent, by weight of the crude solid. 



A B C D E 

Fig. 1. _ Responses of the arterial blood pressure of a cat under chloralose 
antesthesia, wt. 2-8 kg., to intravenous injection : —(A) 4'5 ml. of base B con- 
centrate, equivalent to O' 7 I. of urine; (B) 5 ml. of the filtrate after the addition 
of 0'5 ml. of 4 per cent, ammonium reineckate solution to 4'5 ml. of base B 
concentrate; (C) 0'5 ml. of 4 per cent, ammonium reineckate solution diluted to 
5 ml.; (D) 10 ml. of 10 per cent, ethyl alcohol; (E) 5 mg. of crude reineckate 
dissolved in 1 ml. of ethyl alcohol and diluted rapidly to 10 ml. with 0'9 per 
cent, sodium chloride solution just before injection. Each solution contained 
0'9 per cent, of sodium chloride. Time marker, 30 sec. 

The pressor activity of this materia] was less than that of the crude 
reineckate. Although five further recrystallisations did not significantly 
alter the analyses, the purified reineckate obtained at the end had only 
a depressant action on the blood pressure (Fig. 2). 

Found: Crude reineckate Cr, 14T per cent.; 5th recrystallisation Cr, 
13-8 per cent. 8th recrystallisation Cr, 13 -9 per cent. 13th recrystal- 
lisation C, 22-31; H, 4-05; N. 26-8; Cr, 13-9 per cent. CsHpN requires 
C. 22-28; H. 4-14; N. 25-92; Cr. 13-76 per cent. CoH.eN,, dibasic, re- 
quires C, 22-28; H, 3-98; N, 25-99; Cr. 13-79 per cent. 

The crystals from methyl alcohol were purple-red and grew in clusters. 
They were almost totally insoluble in water. 

T/te isolation of degradation 'products from base B concenfrates. 
The study, by degradation, of compounds present in base B concentrates, 
prepared either by the first or second method, from human urine, has 
consistently yielded simple volatile bases which can readily be separated 
in crystalline form. Before degradation these bases could not be 
crystallised from base B concentrates. The bases isolated after degrada- 
tion were ammonia, dimethylamine, piperidine, pyrrolidine, and two 
unidentified compounds. 
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Several volatfle pressor bases have already Iwn „ 

uTine-.-mcoune (Dingemanse and Frcud^. 

nicotine compound (LochelF). piperidine (Euler-)- These compounds 



Fig. 2- Responses of the arterial blood pressure of a cat under chloralose 
ansesthesia, wt 2 1 kg., to 4 mg. of cr>’stals dissolved iii 1 ml. of ethyl alcohol, 
and diluted to 10 ml. with 0'9 per cent, sodium chloride solution immediately 
before injection; — (A) 8th recrystallisation of the crude reineckate; (B) I3ui 
recc^-stalUsation of the crude reineckate; (C) crude reineckate. Time marker, 

30 sec. 

are soluble in ether and would therefore have been extracted from con- 
centrates prepared by method 2. Using concentrates prepared by each 
method, in six experiments, the addition of piperidine, dimethylamine, 
and ammonia in concentrations varying from 1 in 1000 to 1 in 10,000, 
and of nicotine in a concentration of 1 in 20,000 to measured aliquots of 
the original urine, yielded concentrates which did not differ significantly 
in pressor activity from concentrates obtained from imtreated aliquots 
of the same urine. In no case could the compound be recovered from 
the treated concentrates. The added bases had therefore been removed 
by the processes involved in the preparation of base B concentrates by 
either method. 

Incomplete oxidation of base B concentrates in chlorine-free sulphuric 
acid solution yielded a mixture of bases, an ether-soluble oil, and hydro- 
chloric acid. The ether-soluble oil had a pungent smell, and some 
volaffity in ether vapour; it_soon deposited floccules on standing: the 
addition of alcohol to its ether solution resulted in a white fioccular pre- 
cipitate, insoluble in water, acids, alkalis, chloroform, but with a very 
low solubility in ether. After drj’iug in a high vacuum at room tem- 
perature the compound was white and waxy; sodium fusion showed the 
present of C and H, and absence of N. halogen, P and S. Found C. 
84-T6^H, 1M9 per cent; mol. wt by depression of the freezing-point of 
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The crude hydrochloride, which contained all the bases, was 'separated 
mto alcohol-soluble and alcohol-insoluble fractions. The alcohol- 
insoluble hydrochloride, after recrystallisation, was white, mildy de- 
liquescent, and decomposed slowly with the appearance of sublimation 
from about 280°C. The whole was converted to picrate, and was purified 
by recrystallisation. The base was liberated from the pure picrate and a 
picrolonate, nitrate, phosphomolybdate, and platinichloride were pre- 
pared. The analyses and melting-points corresponded closely with those 
of ammonia derivatives, and the mixed melting-points were satisfactory. 
This base formed nearly three quarters of the total weight of crude hydro- 
chloride obtained; 


1. Identification of ammonia . — Picrate from alcohol-insoluble hydro- 
chloride, yellow needles, m.pt. 291 °C. Ammonium picrate similarly 
prepared, m.pt. 291 "C. with decomposition in each case. Found: 
C, 29-77; H, 2-39; N, 22-6 per cent. Calculated; C, 29-27; H, 2-44; N. 
22-77 per cent. 

Picrolonate. Purple sheen. Decomposed 280 “C. Ammonium picro- 
lonate had the same appearance, and decomposed at 280'’C. Found: 
C, 43-38; H, 4-1 ; N, 25-3 per cent. Calculated : C, 42-71 ; H, 3-9; N, 24-9 
per cent. 


Nitrate. Transparent needles, m.pt. 168 °C. Ammoniumnitratem.pt. 
169°C., mixed m.pt. 168°C. 

The crude alcohol-soluble hydrochloride was strongly deliquescent; the 
whole was converted to picrate, and fractional crystallisation was carried 
out. Great difficulty was encountered from oil formation, and the 
separation was not quantitative; five well defined fractions were obtained 
and recrystallised to constant melting-points. From three of these 
picrates other derivatives were prepared which led to their identification 
as piperidine, pyrrolidine, and dimethylamine. The fourth and fifth 
picrates were obtained in rather small amount, 25 and 16 mg.; they have 
not yet been identified. 


2. Identification of piperidine. Picrate m.pt. 145 °C. Piperidine 
picrate m.pt. 147°C. Mixed m.pt. 145°C. Found: C, 41-55; H, 4-1; N, 
17-9 percent. C, 41-73; H, 4-57; N, 18-1 per cent, previous experiment. 
C, 41-96; H, 4-52; N, 18-3 per cent, previous experiment. Calculated: 
C, 42-04; H. 4-46; N, 18-1 per cent. 


Picrolonate. Brownish yellow, m.pt. 248 °C. with decompositiOT. 
Piperidine picrolonate decomposed 248° to 250°C. Found: C, 51-47, H, 
5-3; N, 21-6; N-Me. 0 per cent. C. 51-2; H, 5-16; N, 21-0; N-Me. 
0 per cent, previous experiment. C, 50-05; H, 5-48; N, 19-6 per cent, 
previous experiment. Calculated: C, 51-58; H, 5-45; N, 20-01 per cent 
Platinichloride, from aqueous solution, m.pt. 20rC. Piperidine 
platinichloride m.pt. 201 °C. Mixed m.pt. 201°C.d. 

3. Identification of dimethylamine Picrate m.pt. 155°C., yellow flM- 
tened plates. Dimethylamine picrate m.pt. 156°C. „ 7? 

Found: C, 35-69; H, 3-12: N. 21-15 per cent. C, 35-2; H, 3-4; N, 20 8 per 
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cent' previous experiment. Calculated: C, 35‘3, H. 3 6. 20 5 per 

cent. _ , 

Platinichloride. Found; C. 9-32; H. 2-28; N. 6-22 per cent. Calcu- 
lated: C, 9-6; H, 3-2; N. 5-8 per cent. 

Picrolonate, yellow, m.pt. 252'C. DimcUiylaminc picrolonatc m.pt. 
252°C. Mixed m.pt. 252°C.. each with decomposition. 

4. Identification of Pyrrolidine. Picratc m.pt. 112°C. Pynolidinc 
picrate m.pt. l^'C. Mixed m.pt. 112°C. Found: C. 40-39; H. 5-04; 

N, 18-0 per cent. Calculated: C, 40-0; H, 4-0; N, 18-67 per cent. 

Picrolonate, brick red, decomposed from 260'’C. to 264 C. Found. 

C, 50-62; H, 5-25; N, 21-0; N-Me. 0 per cent. Calculated; C. 50-16; 
H, 5-08; N, 20-9 per cent. 

Gold chloride, m.pt. 206°C.d. Pyrrolidine 206°C.d. 

' 5. Data for unidentified base. Picratc, pale yellow needles, m.pt. 

iSd'C. Found: C, 41-2; H, 4-26; N, 18-5; N-Mc, 8-8 per cent Calcu- 
lated for CsHmN., and 2N-Me, dibasic, C. 41-04; H. 4-24; N. 18-24; 
N-Me, 9-4 per cent. 

Picrolonate, yellow orange, decomposing 258'’C. to 263°C. Found; 
C. 50-67; H, 5-6; N, 21-4 per cent Calculated; C. 50-88; H, 5-26; N, 
20-46 per cent. 

6. Data for unidentified base. Picrate, golden needles, decomposing 
at 28rC. Found; C, 42-47; H, 4-33; N, 18-1, 18-9; N-Me, 6-8 per cent. 

Oxidation of base B concentrate by N 1 10 potassium permanganate in 
2 per cent, sodium carbonate solution, when carried to completion, 
yielded hydrochloric acid, and two volatile bases. The first base was 
present in large amount and was identified as ammonia; the second, 
isolated as a picrate which was eventually crystallised, was present in 
small amount, and was identified as dimethylamine. 

7. Identification of Ammonia. Picrate, long yellow needles, m.pt. 
29rc. Mixed with ammonium picrate, m.pt 291 °C. Found: C, 29-55; 
H, 2-48; N, 23-0 per cent Calculated; C, 29-27; H, 2-44; N. 22-77 per 
cent 

Picrolonate, purple sheen, decomposing at 280°C. Resembled 
ammonium picrolonate both in appearance and in decomposition point. 
Acetate, m.pt 87°C. Mixed m.pt 87°C. 

Phosphomolybdate. Greenish yellow crystalline powder. 

8. Identification of dimethylamine. Picrate, m.pt. 155°C. Mixed 
with dimethylamine picrate m.pt. i55°C 


9. Identification of chlorine. The precipitate with silver nitrate solu- 
tion in the presence of nitric acid, was washed with water and alcohol. 
an(^as dried in vacuo, and was analysed. Found: O., 25-2 per cent 
AgCl requires Cl, 24-9 per cent 


Pressor activity of pyrrolidine and piperidine. Since piperidine and 
pyrrohdme both have pressor activity, the identities of picrates 2 and 4 

comparison wth those of piperidine and 
Pyir -espect of their effect on the blood pressure of a cat under 
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chloralose anesthesia. In equating these picrates it was found necessary 
to wait 15 n^utes between each injection, since repeated injections of 
pyrrolidine, in the same dose, at short intervals, sometimes produced 
decreasing responses. 

7-2 mg. of picrate 2 equated very nearly with 7-0 mg. of piperidine 
picrate, both given in a volume of 3-0 ml. when similarly administered 
to a cat, wt. 2-4 kg. (Fig. 3A and B), 4-6 mg. of pyrrolidine picrate gave 

A B 



72 oim. Hf. 


E F 



72 mnJ. He- 


' M A Z' /> A A /I <1 A .0 fl n fl /. P 11 


Fia. 3. Responses of the arterial blood pressure of a cat under chloralwe 
anxsthesia, wt. 3-6 kg., to intravenous injection: — (A) 7'2 mg. of picrate 2; (P) 
TO mg. of piperidine picrate; (C) 4-6 mg. and (D) 4-2 mg. of pyrrolidine picrate, 
(E) 4' 5 mg. and (F) 4-1 mg. of picrate 4. Time marker, 30 secs. 


a response comparable with that which followed 4-5 mg. of picrate 4, 
each in a volume of 4-5 ml. (Fig. 3C and D) and 4-2 mg. of pyrrolidine 
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picrate equated with 4‘1 mg. of picrate 4, each in a volume of 4'0 ml. 
(Fig. 3E and F). 

Discussion 

The interest of these results is centred on the high degree of pressor 
activity which must be attributed to base B. Since the purified rcincckatc 
accounted for at least 90 per cent, of the crude solid, and 5 mg. of crude 
material were obtained per 1. of original urine, 0'5 mg./l. of urine is the 
maximum weight that could be ascribed to base B. Of this 0-5 mg. it is 
unlikely that more than 20 per cent, by weight could have represented 
free base. The weight of base B required to produce a small or 
moderate rise of arterial blood pressure when injected intravenously into 
a cat, cannot be greater than 100 ng. That the estimated dose may prove 
to be considerably greater than the real is suggested by the results 
recorded in Figure 2, and the analyses listed; in the absence of any change 
in the chromium content, pressor activity was succeeded by depressor 
action as the result of repeated recrystallisation. The depressor com- 
pound isolated has been found to give the colour test x which 
preriously appeared to be inseparable from the pressor action of base B 
concentrates, and was therefore used as an aid to the separation of base 
B. This depressor compound may prove to be a simple diamine; its 
pharmacological action is compatible with this view. 

The occunence of piperidine and py^rrolidine as degradation products 
of compounds present in base B concentrates is interesting, and indicates 
that further evidence relating to the intermediary metabolism of these 
heterocyclic compounds may be obtained from a study of urinary trace 
bases. 

Sui.tMARy 

1. Base B has shown to be a compound of high pressure activity, 
and a depressor compound, empirical formula CsH^No has been isolated 
as the reineckate from base B concentrates. 

2. Piperidine, pyrrolidine, dimethylamine and ammonia have been 
obtained as degradation products from compounds present in base B 
concentrates, prepared from human urine. 

A grant from the Medical Research Council defrayed part of the 
expense of this work. 
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THE IDENTIFICATION OF LOCAL ANyESTHEHC DRUGS 
OF THE BENZOIC ESTER GROUP 

By E. Hucknall and G. E. Turfitt 
From the Metropolitan Police Laboratory 
Received May 20, 1949 


The prope^ of paralysing sensory nerve endings and inducing local 
anEsthesia is not confined to any one specific chemical structure. Indeed, 
from a chemical standpoint it is convenient to arrange local anssthetics 
in three groups : (1) consisting mainly of hydroxy compounds (e.g. phenol, 
menthol) used largely for topical anffisthesia, (2) the benzoic ester group, 
and (3) various miscellaneous compounds of synthetic origin, and of 
widely differing chemical structure (e.g.. cinchocaine, phenacaine). 

By far the largest, and climcally the most important of these groups is 
that composed of the benzoic esters. Following the demonstration by 
KoUer in 1884 that cocaine, methylecgonine benzoate, is an effective 
local anssthetic for ophthalmic purposes, a wide range of benzoic esters 
has been synthesised and investigated as “ cocaine substitutes.” Whilst 
these are, for the most part, less toxic than cocaine itself, and are devoid 
of the latter’s addiction liability, the relative toxicities depend largely 
upon the manner and rate of administration. At the present time, eleven 
benzoic ester local anssthetics are in common use in this country 
(Table I), and with a single exception (butyl-p-aminobenzoate) are char- 
acterised by names ending in “-caine.” This terminology, although 
admittedly useful in drawing attention to the local anESthetic nature 
of a particular drug, has unfortunately been responsible on occasion for 
confusion during dispensing and use. Fatal poisonings with these drugs 
are usually the result of accident due to such confusion, to over-dosage, 
to intravenous instead of subcutaneous injection, or to individual hyper- 
sensitivity; suicidal poisonings are relatively rare. 

Information as to the metabolic fate of these drugs is incomplete. 
Detoxification occurs largely in the liver with hydrolysis of the ester 
linkage, but there is little doubt that other tissues also play some part 
in the destruction of the drugs in vivo. In the case of cocaine, hydrolysis 
yields benzoic acid and ecgonine; elimination is relatively slow and the 
hydrolysis products, together with a proportion of unchanged cocaine, 
may be excreted via the kidneys over a period of several days. With 
the other local anEsthetics breakdown is, in general, a rapid process, 
and elimination as acetylated p-aminobenzoic acid is usually complete 
within a few hours. For these reasons, detection of unchanged drugs 
other than cocaine in cases of fatal poisoning is unusual, except where 
considerable doses have been administered, and attempts at recovery 
from cadaveric material after an interval of days are likely to be unsuc- 
cessful. Particularly important, however, is the examination of the liver, 
kidneys and urine, since, although insufficient unchanged drug may be 
obtained for purposes of identification, products of hydrolysis such as 
ecgonine and p-aminobenzoic acid may be recoverable. 
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In view of the accidental character of most cases of local anaisthctic 
poisoning, the toxicologist’s problem is seldom the identification of a 
completely unknown poison, but is usually the confirmation of the 
presence of a particular local ansesthctic drug. The most successful of 
the numerous methods hitherto described for differentiating and identi- 
fying the drugs of this group is probably that of Fischer’, who utilises the 
crystalline forms and melting-points of derivaUves formed with the 
reagents trimtroresorcinol, trinitrobenzoic acid, picric acid and platinic 
chloride. There appears, however, to be no recorded comprehensive 
scheme whereby, on a micro scale, an unknown isolated residue may be 
characterised as a benzoic ester local anaesthetic, and subsequently com- 
pletely identified. 


In the present investigation, dealing with the benzoic ester anmsthetics 
hsted in Table I, a residue isolated either from biological material or from 
a m^icmal preparation is examined in a series of separate stages; (1) 
p^cation of *e crude residue. (2) behaviour with “ alkaloidal reagents.” 
(3) demonstration of benzoic ester structure. (4) simple crystal and colour 
reaction. (5) conclusive identification by micro mixed melting-point 
aetermmation. It will be evident that the requirements of a particular 
problem may frequently be met without the inclusion of all these stages, 
subject to the use, whenever quantity permits, of the mixed melting- 
pomt as the final criterion of identity. The tests described are simple 
tecnmques, requuing a minimum of time, and employing only readily 
avauable reagents and apparatus. With quantities of the order of 1 mg., 
me scheme provides for the characterisation of an unknown drug as a 
oeMoic ester local anssthetic. and for its ultimate identification. 

anSEr i The basic character of the local 

be heroic ester group is such that, in general, they may 

hydroSe^TiT?? ^^om solutions alkaline with sodium 

non nwlr Stas-Otto process are largely obtained in the 

hydrolysis may occur 

in fhic^n ^0 sodium hydroxide, and the yield of drug may 

hfoteworthy exceptions are the 
extracted ^nzocame and butyl p-aminobenzoate. which are 

obtainU ®cid solutions, and are. therefore. 

^ Stas-Otto process, 

sulphuric LS P-a°™oheiizoate. hydrochloric acid is preferable to 
theSivefv^- ^ 1 P^^P^^hon of the aqueous acid solution owing to 

drug. The phenolic 

alkah anSk-^lmy^'^' Progressive decomposition in the presence of 
and phTnohb tfeW ^htained in both the non-phenoHc 

drug is S g^^'^P^^oh^wmg the Stas-Otto procedure. This 

tortfricacid ^‘her from aqueous solutions acidified with 
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TABLE I 


R" 


Local ANiEsiBEnc drugs (R 



— COOR) 




R 

R' 

R' 

Mp. CQ 
of 

hydrochloride 

MtETHOCAlNE 

HYDROCHLORIDE B P. 
Ancthaine 

Buicihanol 

Dedcaine 

Pantocaine 

Tetracaine 

-CH.CH.-NMe, 

C.H,-NH- 

H- 

149 

Buiacaine Sulphate B.P, 

Butyn 

-CH.-CH.CH.NBu, 

NH,- 

H- 

1 

15. 

PR0CAI>JE HYDROCHLORIDE B.P. 
Ethocaine 

Kerocaine 

Novocainc 

Planocaine 

Sericaine 

-CH.-CH.NEt, 

NH,- 

H- 

i 

Amydricaine 

HYDROCHLORIDE B.P.C. 
Alypin 

-C Et (CHjNMeJ, 

H- 

H- 

169 

Metycawe (hydrochloride) ... 

-CH,CH,CH, 

H- 

H- 

175 


H,C CH’Me 




Amylocaine 

hydrochloride B.P.C. 
Stovaine 

H,C CH, 

\ch/ 

-C (Me) (Et)-CH,NMe, 

H- 

H- 

178 

Cocaine B.P 

MeOOC CH- CH- CH, 
-CH li-Me j 
CH,-<!w- CH. 

H- 

H- 

186* 

Bum. p-AMINOBENZOATE B.P. ... 
fiutesm 

Butoform 

Scuroforme 

~CH,'CH,CH,CH, 

NH,- 

H- 

187 

Benzocaike B.P 

Anaesthesia 

-CH.CH, 

NH,- 

H- 

195 

Orthocaine B.P 

New Orthoform 

-CH, 

HO- 

NH,- 

225 d. 

Benzamine 

HYDROCHLORIDE B.P.C. 

Betacaine HCI.. 

Betaeucaine HCI 

Eucaine HCI 

CII 

/\ 

H,c ra. 

H- 

H- 

268 d. 


Me-Hci C-Mc, 

1 


1 

1 



* The meltinE ooint of cocaine is variously reported in the literature to be ^t wwn 
182° and202°C.,^he variation being attributable (Smith’) to the rate and conditio 


of heating. 
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Fig. 3. Amjdricaine (Permanganate). 


Fig. 4. Amylocaine (Potassium 
Iodide). 
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property constitutes a convenient means of purification. Unfortunately* 
in several instances, notably with procaine, hydrolysis of the ester rapidly, 
occurs during the process, and the initial white precipitate gradually dis- 
appears. Care must therefore be taken to avoid addition of any appre- 
ciable excess of hydrogen chloride; the following technique has been 
found to ^ve the most satisfactory results. 

The impure basic residue is dissolved in the smallest possible quantity 
of dry ether, and the solution transferred to a microcentrifuge tube. With 
the aid of a pipette a few drops of dry' ether saturated w'ith hydrogen 
chloride are carefully added. An immediate white precipitate is obtained 
which is usually cry'stalline, but which may initially be of an oily or pasty 
consistency. After centrifuging, the supernatant liquid is removed, and 
the residue is dissolved in a minimum amount of alcohol. Addition of 
ether to this solution causes re-precipitation of the hydrochloride either 
in cry'stalline form, or as a gummy product which readily cry'stallises on 
standing. From the melting-point of the hydrochloride, taken at this 
stage, an indication of the identity' of the compound is usually obtained 
(Table I). 

In view of the successful results obtained with the local ansesthetic 
bases, the process is being further investigated as a possible general 
method for purification of alkaloids and other organic compounds of basic 
character. 

Behaviour with " alkaloidal reagents." Since all the drugs of this 
group are precipitated by Sonnenschein’s phosphomolybdic acid reagent, 
this test, although in no way specific, is a useful preliminary' measure, 
particalarly in the cases of bemtocaine and butyl p-aminobenzoate, which 
as indicated above, are extracted chiefly in &e “ acidic ” group. The 
other common alkaloidal reagents, Mayer’s potassio-mercuric iodide, 
and Wagner’s iodine potassium iodide, also provide evidence of a con- 
firmatory nature. In Table 11 the behawour of the drugs wth these three 

TABLE n 


Reachons of local aK/Esihkiics wtth ‘ alkaloidal reagents ’ 



J 

( Soaneascliein*s 
RcagcDl 

1 

Mayer's 

Reagent 

Wagner's 

Reagent 

Ameihocainft 


. 


Batacaine 






T 


Ainydricjune 



' T* 

M^etycaitis 


1 


Amylocaice 




Cocaina 


1 


Butjl p-aminobeaz^te .. 


( 

~r 




* -r 

Onhocaine ... 


““ 


Bsazatimc ... 


.i. 

— 


reagents is summarised. The tests are most conveniently carried out 
by disMlvmg approximately 0-1 mg. of purified hydrochloride in a drop 
solution into three separate drops on a black tile, 
and applying the alkaloidal reagents one to each drop. 

Demonstration of benzoic ester structure. The characteristic group 
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^ Structure. Although no specific 

structure is available, the presence both of an ester 

and of an aromatic nucleus (with or without amino substituents) may 
readily be proved (Table III). ^-mucuis; may 


TABLE III 

Reactions for the ben zoic ester structure 

i Hydroxamic 
[ acid 
I reaction 

I (ester linkage) 


(1) OT mg. of the test material is placed in a white porcelain crucible, 
and to It is added 1 drop of freshly-prepared saturated alcoholic solution 
o hydroxylamine hydrochloride and 1 drop of freshly-prepared alcoholic 
potash. The crucible is gently heated until evaporation is complete, 
when I drop of N/2 hydrochloric acid and 1 drop of 1 per cent, aqueous 
feme chloride solution are added. A violet-red colour indicates the 
presence of an ester of a carboxylic acid (Feigl, Anger and Frehden'). 

(2) OT mg. of material, contained in a test tube (4-5 cm. x 0-5 cm.) 
IS treated with 3 or 4 drops of alcohol and I small drop of concentrated 
sulphuric acid. The tube is warmed over a micro-flame until most of 
the alcohol has evaporated. Under these conditions alcoholysis results, 
and the odour of ethyl benzoate is obtained with those compounds in 
which the aromatic nucleus is unsubstituted. 

(3) OT mg. of the test substance, intimately mixed with an equal 
weight of soda-lime, is heated in a test tube (4-5 cm. x 0-5 cm.) until 
white fumes are evolved, and an oily distillate approaches to within 
approximately 0-5 cm. from the open end of the tube. The tube is placed 
on a white tile, and a pointed strip of filter paper moistened with a 2 
per cent, solution of furfural in glacial acetic acid is carefully introduced. 
A reddish-violet band around the tube in the region of the oily distillate 
is indicative of aniline bases. Positive reactions are obtained in this test 
with the amino substituted drugs. 

From the results of these three tests an unknown compound may be 
allocated to this group of drugs with reasonable certainty, and further, 
within the group, the presence or absence of amino substituents in the 
aromatic nucleus may be verified. It is recommended that control tests 
be carried out with typical drugs; under these conditions, and with a 
little practice, it is possible to utilise even smaller quantities of test 
material than the OT mg. specified. 

One drug only amongst the listed anaesthetics, amethocaine, contains 


Amethocaine... 

Butacaine 

Procaine 
Amydricaine ... 
Mc^caine ... 
Amylocaine ... 
Cocaine ... 

Butyl p-aminobenzoate 

Benzocaine 

Orthocaine ... 
Beozamine ... 
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an aiyl amino group which is itself substituted. Whilst, therefore, this 
compound, in common with the other primary amino derivatives, gives 
a positive reaction in Test 3 above, it differs from the other members 
by givinn a negative response to the furfural test for a free primary 
amino group; 0-1 mg. of test material is treated in a white porcelam dish 
with I'drop of 2 per cenL furfural in glacial acetic acid, and the liquid 
allowed to evaporate spontaneously, when a free - NH; group is in- 
dicated by the production of an intense red colour, rapidly turning 
reddish-violet (Table III). 

Crystal and colour reactions. Valuable information as to the identity 
of a local ansesthetic drug is provided by the following three crystal 
reactions, which are in many instances completely diagnostic. 

(1) Potassium iodide test. 0 01 to 0-1 mg. of test material in the 
form of the hydrochloride is dissolved in a drop of water on a micro- 
scope slide; if the material under examination is the free base it is dis- 
solved in a drop of 2N hydrochloric acid. A few particles of finely 
ground potassium iodide are sprinhled over the surface of the drop, when 
a positive reaction is indicated by the immediate production of a while 
turbidity visible to the naked eye. On microscopic examination ( x 50) 
the appearances summarised in Table TV are observed, and for reference 
purposes the fypical crystal forms are given in the photomicrographs. 


(2) Potassium permanganate test. OT mg. of the drug is dissolved 
on a microscope slide in a drop of either water or 2N hydrochloric acid 
as in Test (1). 1 drop of 5 per cent alum solution is added, followed 
by a drop of 1 per cent, potassium permanganate solution. After stirring 
with a glass rod, the slide is examined microscopically ( x 50). In 
Table TV are listed the reactions of the various drugs, whilst Figures 3 and 
% show the characteristic appearances of the only two compounds, 
amydricaine and cocaine, which yield crystals under these conditions. 


(3) Potassium dichroinate test. OT mg. of material is dissolved on 
a microscope slide as in the previous tests, and 1 drop of saturated 
potassium dichromate solution is added. The naked eye and micro- 
scopic ( X 50) appearances are noted; 1 drop of concentrated hydrochloric 
acid is then added, and the appearance again observed (Table TV), 
Although two compounds only, amydricaine and amethocaine, yield 
crystals (Figs. 1, 5) under the conditions of the test, the colour reactions 
of the remaining drugs are in many instances quite distinctive. 

The drag orthocaine is distinguished from the other benzoic ester local 
anesthetics by the presence of a phenolic - OH group. When a crystal 
of the solid, either base or hydrochloride, is treated with a drop of an 
aqueous solution of ferric chloride, there is produced a dull blue colour 
passing to a dull green. 


Mixed melting-point determination. The mixed melting-point of th 
hydrocWonde should in all instances be the final test for identity, th 
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TABLE IV ' 

Crystal and colour reactions 





J 

' Potassium dichromate 

. 

Potassium 

iodide 

Potassium 

permanganate 

Without 

* concentrated 
hydrochloric 
add 

After adding 
concentrated 
hydrochloric 
add 

Amethocaine 

Dense rosettes of 
rod’Shaped 
crystals 

Amorphous 
precipitate ; 
violet — ^ 
grecnish-browTi 

Feathery, yellow 
needle-growths 

Needles disappear 
gi'mg 

brownish-green 

fiocculent 

precipitate 

Butacaine 

Minute globules 
giving masses 
of fine needles 

Amorphous 
precipitate ; 
violet — > 
greenish-brown 

' Yellow globules 

1 

Transient 
pale violet 
colour, then 
browTiish-riolei 
globules 

Procaine 

Minute globules 
slowly giving 
large hexagonal 
plates 

(crystallisation 
occurs more 
readily if a 
somewhat ‘ 

larger quantity 
of KJ IS used) 

Amorphous 
precipitate ; 
violet— ► 
greenish-brown 

Yellow globules 

Violet colour, then 
brot^'nish-riolct 
fiocculent 
predpitate 

Amydricaine 

Arborescent 
needle growths 

Violet coloured 
hexagonal 
plates 

Yellow crystals 
in two forms : 
rhombs and long 
fiat needles 

Costa's 

Metycaine 

Minute globules 
giving large | 

pointed needles i 
tending to ' 

rosette | 

formation 1 

Amorphous 
predpicate ; 
with 

reddish-brown 

globules 

: 

Yellow globules | 

Yellow globules 
unchanged, 
except for . 
slight darkening 

Amylocaine 

Thick rods, i 

usually in 
aggregates 

Violet solution 
slowly depositing 
brown ' 

amorphous 
precipitate 

Yellow globules j 

i 

1 

Globules disseise 

Cocaine 

— 

Violet coloured 
rectangular ' 

plates 

Yellow globules 1 

Yellow fiocculent 
predpitate 

Butyl 

j>aminobenzoate 

1 

Amorphous brown 
precipitate 

Yellow globules j 

1 

1 

1 

Violet colour, 
then . 

brownish-MOlei 

fiocculent 

precipitate 

Benzocaine 

" , 

Amorphous brown * 
precipitate , 

1 

1 

~ \ 

1 

Browntsh-Wofet 

flocculcnt 

predpitate 

gradually 

darkening 

Orthocainc 

■' ' 

i 

Amorphous 1 

precipitate ; | 

\iolci— ^ 1 

greenish-brown | 

j 

Bluish-black , 

flocculcnt 
precipitate 
changing to 

grccnish-black , 

Precipitate 
gradually 
dissolves with 
development 
of greenish 
colour 

Benzamine 

I 

Minute globules 
giving rosettes 
of long, 'ery 
fine nwles j 

i 

Yellow globules 
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IDENTIFICATION OF LOCAL AN/ESTHETICS 

detennination being conveniently carried out in a micro-apparatus of 
the Kofler or similar pattern. 

Summary 

1. A scheme is described for the characterisation and identification 
of the eleven local anesthetic drugs of the benzoic ester group at present 
commercially available in this country. 

2. The complete scheme is designed in five distinct stages, any of 
which may be omitted if identification is otherwise satisfactorily 
achieved: 

(i) purification of the crude material by precipitation of the hydro- 
chloride from an ethereal solution of the base: 

(ii) reactions with the common alkaloidal reagents; 

(iii) demonstration of the presence of the benzoic ester structure; 

(iv) simple crystal tests and colour reactions with the three reagents, 
potassium iodide, potassium permanganate and potassium dichromate. 

(v) final identification by micro-mixed melting-point determination. 
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Previous communications in this series^>^>®>^ have illustrated how the 
disinfection data of Bact. coli could be transformed into a relationship 
suitable for statistical treatment ; this was achieved by plotting percentage 
survivors as probits against log. survivor time. Although it had been 
shown that the section of the regression between probits 4 and 6 was not 
strictly linear, critical analysis had indicated® that there was no sigmficant 
difference between the slopes of regressions obtained from different 
concentrations of the disinfectant (ethylene glycol) and of regressions 
obtained from the same concentration. It had also been ar^ed that a 
disinfectant-organism reaction has a characteristic probit-log time 
regression which should remain constant under standard experimenta 

conditions. _ v, nf 

In the present paper, the regression coefficients of higher memoers 
the homologous series (the monoalkyl ethers from methyl to hexyl) have 
been determined, together with the confidence limits of the estimations. 
Physical constants of these compounds have been published in 
I of Part P of this series of papers. Preliminary experiments me 
monoamyl ether indicated that it was so sparingly soluble in water ma 
even the saturated solution showed very little bactericidal ac ivi y. 
Investigations with this compound were therefore discontinued. 

Disinfection Studies in the Ethylene Glycol Monoalkyl Ethers 

AT 20"C. 


Probit-log time regressions. rpd and 

-Concentrations of the f ^ the 

their disinfectant activities tested agains ac. carried out 

standardised technique^ In most mstances four tests were 

at each concentration. timp rpirressions wer6 calculated 

Results and J’s necessa^ to calculate the mean 

for each test. Summanes of the temis nec®s J ^ each con- 

slopes and for the Ia^^Vd. Those for ethylene glycol 

centration are submitted in Tabl« ia lo 

are to be found in Part V® of this senes of papers^ ^ 

Combined data from the calculations P 

ethylene glycol and its monoal y statistical data from the 

Table VI presents a summary concentrations of ethylene 

calculations of probit-log. tirne regr Prom it has been calculated 

glycol and its monoalkyl ethers at 20 C. Prom . . 
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the mean slope -2040) and the sum of squares for the joint regression 

(224-508804). . . ^ . 

The analysis of variance of the massed regressions is presented in 

Table VII. The mean square for the residual in y (0-044293) has b^n 
used as denominator to calculate the variance ratios between the variation 
in regression between compounds, variation in regression between con- 
centrations, and variation in regression between tests; these have been 
included in Table Vm. Owing to the large number of degrees of freedom 

TABLE lA 

SUMSURY OF TERSC FROM CALCULATIONS OF PROBTI-LOG TOIE REGRFSSIONS OF 
DISINFECTION OF BACT. COL^ BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOMETHYL 

ETHER AT 20'’C. 


Conccntniuons of cih>lcnc gl>col monomelhjl elbcr 


i 

42- S i 

per cent. 

1 

45-0 j 

per cent. | 

47-5 

per cent. 1 

50-0 
per cent. 

52-5 
per ccni. 

StU-TKi-Dl 

1-994529 1 

1 

3-189758 [ 

4-013346 1 

3-873828 

2-923893 

S { x-Xf 

4-170328 ' 

4-148876 , 

5-797243 

4-490993 

2-307026 

•StF-jV 

1-485401 ; 

3-219608 

4-575887 

3-857329 

3-972279 

aY 

11 

11 

13 

13 

9 

55 forindiWdual resressions ••• 

i 1 -075110 

2-522687 

3-167978 

3-585350 

! 3-763250 

b 

1 0-478267 

0-76SS25 , 

0 -692285 

0-862577 

, 1-267386 

SS pool 

\ 0-953917 

2-452364 

2-778380 

[ 3-341476 

, 3-705702 

( 


TABLE iB 

Calculation of the error mean square of regressions from concentrations 

OF ETHYLENE GLYCOL MONOMETHYL ETHER AT 20'c. 


Concentration * 

Item i Sum of squares 


* Mean square 

I 

42 5 per cent. < 

Common regression 

Variation in regression ... i 

0-953917 

0*121183 

3 

1 0-953917 

j 0-(M0394 


Total 

Rcridual in y 

1-075100 

0-410291 

» 4 

< 11 

J 

j 0-037299 

45-0 per cent. 

Cotton regression 

Variation in regression ... | 

0 452354 
0-070323 

' 1 

! 3 

! 0-452354 

i 0-023441 

' 

Total 1 

Residual in y I 

2-522687 

0-696921 

> 4 

U 

0-063356 

47-5 per cent. 

Common regression ... ' 

Variation in regresdon ... * 

2-778380 

0-389598 

’ 1 

t 3 

1 2-778380 

1 0-129866 


Total i 

Residual in y 1 

3 167978 
1*407909 

! 4 

1 13 

1 

* 0*103301 

50-0 per cent. 

Common regresaon 

Variation m regresdon ... 

3*341476 

0*243874 

i ^ 

\ 3*341476 

1 0-0S1291 


Tot^ 

Residual in y ... 

3-585350 

0-273979 

1 4 

I '3 

> 0-021075 

S2-5 per cent. 

Common regression 

Variation in regresdon 


1 S 

i 3-705702 
i 0-019183 


Total 

Residual in y 

3-763250 

0-209029 

' 4 

• 9 

( 

j 0-023225 
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TABLE Ic 


Summary of statistical data from calculations of probit-log time re- 
gressions FOR concentrations of ethylene glycol monomethyl ether at 20°c. 


Concentration 

Residual in y 

Variation in b 

SS pooled b 

5r(A:-)3(>-B] 

S(M-a)’ 

ss 

N 

ss 

3V 

42*5 per cent. ... 

0-410291 

11 

0-121183 

I 

1 3 

0-953917 

1 -994529 

4-170328 

45-0 

0-696921 

11 

0-070323 1 

! 3 

2-452364 

3-189758 

4-148876 

47-5 „ „ ... 

1 -407909 

13 

0-389598 j 

3 

2*778380 

4-013346 

3-797243 

50-0 

0 -27^979 


0-243874 1 

3 

3-341476 

3-873838 

4-490993 

42-5 

0-209029 

9 1 

0-037548 j 

3 

3-705702 

2-923893 

2-307026 

Totals 

2-998129 

” i 

0-882526 j 

15 

13-231839 

15-995354 

20-914466 


15 -993345 

b = 

20-914466 

(15-995354) 

S’S’ for ioint regression = 

20-914466 

TABLE Id 


Mean squares of the variations in the probit-log time regressions from 

DISINFECnON of BACT. COU BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOMETHYL 

ETHER AT 20'c. 


' Item 

1 ^ 



Grand regression 

1 

12-233224 j 

12-233224 

Variation in regression between concentrations 

i ^ 

, 0-998615 1 

0-249654 

Variation in regression within concentrations 

15 

1 0-882526 1 

0-058835 

Residual in y 

57 

J 2-998129 j 

0-052599 


= 0-764799 

= 12-233224 


TABLE IlA 

Summary of terms from calculations of probit-log time regressions of 

DISINFECTION OF BACT. COLT BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOETHYL 

ETHER AT 20°C. 


Concentrations of ethylene glycol monoethyl ether 


Observation 

i 25-0 

per cent. 

1 27-5 

i per cent. 

30-0 
per cent. 

32-5 

, per cent. 

' 35-0 

per cent. 

5[(jr-3c)0-y)] 

2*273209 

1-570023 

5-630061 

' 3-867540 

2-473940 

5(x.3E)> 

2-325423 

2-284708 

6-834377 

1 3-203024 

2-463525 

50--7)’ 

2-348405 

1-286192 

5-179256 

5-533561 

2-907313 




7 

15 

■ 

11 

II 

SS for indi-vidua! regressions ... 

2-233417 

1-200121 ' 

4-931650 

5 002978 ; 

1 

2.549408 

1 , 

0-977547 

0-687188 ^ 

0823786 

1 *207465 

I 004228 

SS pool 

2-223167 

♦ 

1-078900 1 

4-637963 

A 669920 

2-484399 
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nvolved it is not possible to use the ordinary statistical tables in order 
to compute the probabilities ; this difficulty was overcome by calculating 
z as exemplified by Mather® (section 16). The expected values of z for 
the variance ratios have been calculated from the relationship z = i log. 
(Variance Ratio) ; these have been set out in Table VIII. The calculated 
values of z have been compared with the theoretical values, to give the 

TABLE IlB 

Calculmion of the error mean square of regressions from concentrations 
OF ethylene glycol monoethyl ether at 20°c. 


Concenttation 
25-0 per cent. 

27 5 per cent. 

30 0 per cent. 

32 5 per cent. 

35 0 per cent 


1 Common regression 
Variation in regression 

Total 

Residual in y 


1 Common regression 
Variation in regression 

j Total 

I Residual in y 


Common regression 
Variation in regression 

Total 

Residual in y 


i Common regression 
Variation m regression 

I Total 

I Residual in y 


I Common regression 
1 Variation in regression 

I Total 

Residual in y 


Sum of squares 


2-222167 

0-011250 


2-011250 

0-114988 


1-078900 

0-121221 


1-200121 

0-086071 


4-637963 

0-293687 

4-931650 
0 247606 


4-669920 

0-333058 

5 002978 
0-526583 


2-484399 

0-065009 

2-549408 

0-357905 


Mean square 


2-222167 

0-005625 



TABLE Uc 

Summary of statistical data from calculations of probit-log time 

REGRESSIONS FOR CONCENTRATIONS OF ETHYLENE GLYCOL MONOETHYL 
ETHER at 20°C. 


Residual in y 


Variation in b 




1 






’ 

N ; 

55 

N 

55 pooled b 

Sl{x-x){y.yy\ 

25‘0 per cent. 

0-111498 * 

8 

1 

0 01 1250 

2 

2 222167 

2-273209 

27 5 . 1 

0-086071 

7 

0 121221 

1 

1-078900 

1-570023 

30 0 „ 

0 247606 

15 

0 293687 


4 637963 

5-630061 

32 5 „ 

0-526583 

n 

0 333058 


4-669920 

3-867540 

35 0 

0-357905 


0-065009 

3 

2-484399 

2-473940 


1 333153 

52 

0 824225 

'3 

15-093349 

15-814773 


15-814773 

b _ 

17 111057 


= 0-924243 


•S5 for joint regression 


(15-814773)« 

17-111057” 


= 14-616692 


2 325423 

2- 284708 
6-834377 

3- 203024 
2-463525 

17-111057 
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probabilities of the significance between the items selected ; these have 
also been included in Table VIII. 


Test of significance of the difference between the mean squares for the 
variation in regression between concentrations and variation in regres- 
sion between individual tests. 

The formula for high values of Vj and is given in Table V (Dis- 
tribution of z) of the Statistical Tables of Fisher and Yates’. 


Z (5 per cent ) 


1-6499 

V/7-n 

where 


— 0-7843 — ^^approximately, 

A _ 1 J_ 

h ~ Vi + Va 


Vi = 27 and N^, = 172, therefore h = 46-6734. 

1 -6449 

H— — 4 0.0.32, 

The observed value of z (0-082202) is less than that calculated at the 
5 per cent, level, hence P > 0-05 and the difference is not significant. 


TABLE IlD 

Mean squares of the variations in the PROBIT-LOG ^f^rn^SoETHYl! 

DISINFEOTON OF BACT COLI BY CONCENTRATIONS OF ETHYLENE GLYCOL MONO 

ETHER AT 10°C. 


Item 1 

1 

N 

Sum of squares 

Mean square 

1 

1 1 

14 616692 

14 616692 

Grand regression i 

1 ’ 



I 

Vanauon in regression between concentrations I 

1 ^ 

0 476657 

0 119164 

Vanation in regression within concentrations 1 

13 I 

0 824325 

i 0 062948 


! 52 1 

1 333153 

i 0 025638 

Residual in y I 

! 




Table III a 

Summary of terms from calculations of 

DISlNFECnON OF BACT COLI BY CONCENTRATIONS OF EmYLENE GLYCOL MON 

ether at 20°c. 


Obsen alien 



7 8 

per cent 

1 9 0 

j per cent 

10 0 
per cent 

11 0 
per cent 

4 589090 

i 2 749305 

3 868675 

1 2 837293 

2 620754 

' 1 649256 

I 970901 

I 710080 

9 647604 

5 729806 

8 440537 

5 643021 

1 

12 

7 

10 

1 ® 

8 184688 

5 574039 

7 776921 

4 772751 

1 751057 

I 666997 

I 962897 

1 659158 

8 035759 

4 583084 

7 593809 1 

4 707518 



BACTEIUCIDAL ACTIVITY OF ETHYLENE GLYCOL— PART VI 

The two errors may therefore be pooled (as in Table VII)', the combined 
sum of squares is 19-633745 for 199 degrees of freedom, with a mean 
square of 0-098662. This figure therefore represents the error mean 
square of the estimation of the slopes of all the regressions for ethylene 
glycol and its monoalkyl ethers at 20°C., and is used later in determining 
the standard errors. 

TABLE Ills 

Cm-cuiation or the error mean square of regressions from concentrations 
OF ethylene glycol monopropyl ether at 20'’c. 


Concentration 

Item 

Sum of squares 

N 

Mean square 


Coititnon reercssion 

8-035759 

1 

8-035759 


Variation in regre^rion ... 

0-148929 

3 

0-049643 


Total ' 

8-184688 ) 

4 



Residual in y i 

1-462916 1 

12 

0-121909 


Common regression 

4-5830&4 

1 

4-583084 


Variation in regression ... 

0-990955 

3 

0-330318 


Total 

5-574039 

4 



Residual in y 

0-155767 

7 

0-022252 

10-0 per cent. 

Common regression 

7-593809 

1 

7-593.809 


Variation in regression ... 

0-183112 

3 

0-061037 


Total 

7-776921 

4 



Residual in p 

0-060270 

9 

0-007699 

U'O per cent. 

Common regression 

4-707J1S 

I 

4-707SI8 


I VarUUon in regreasion ... 

0-065233 

3 

0-021744 


ToUl 

4-772751 

4 



Residual in y 

0 069270 

9 

0-007699 

12*Q per cent. 

Common regression 

3-713478 

1 

3-713478 


Variation in regresrion ... 

1-018838 

3 

0-272946 


Total . 

4-732316 




Residual in y 

1 • 109705 

IH 

0-277426 


TABLE nic 

Summary of statistical data from calculations of probit-loo time 
regressions for concentrations of ethylene glycol monopropyl 
ETHER AT 20'’C. 


t 

Concentration 

Residual in y 1 

Variation in b | 

SS pooled b 

Sl(a:-3)0->)] 


SS 

i 

N 

) 

N 

7*8 per cent. ... 

\ 

, 1-462916 1 

1 

12 

0-148929 

3 : 

8-035759 

4-589090 

2-620754 

,9-0 

0-155767 ' 


0-990955 

3 ' 

4-583084 

2-749305 

1-649256 

10 0 „ „ 

0-663616 

10 ' 

0 183112 

3 

7-593809 

3-868675 

1-970901 

ll 0 

0 069270 

9 

0-065233 

3 

4-707518 

2-837293 

1-71O0S0 

12 0 

I -109705 


1-018838 

3 

3-713478 

1-773908 

0-847386 

Totals 

3-461274 

Ll 

2-407067 

15 

28-633648 

15-818271 

S -798377 


8 -798377 


- 1-7978M 


r • ■ . - os-smiiy 

ii lor joint legresaon 28-439074 


8 -798377 
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Test of significance of the difference between the mean squares for the . 
variation in regression between the different compounds and the 
residual in y. 

Here = 5 and ~ 557; P niay be found by direct consultation 
of the table showing the distribution of z. The observed value (0-994715) 
is larger than the theoretical value even at the 0-1 per cent, level (which 
is about 0-7), hence P <0-001. 


Test of significance of the difference between the mean squares for the 
variation in regression between concentrations and the residual in y. 
Here == 27 and N^, = 557, therefore h- = 51-5034; from this, 
^ (5 per cent.) — 0-20376. 

The observed value of z (0-268825) is slightly greater than that cal- 
culated at the 5 per cent, level and hence P -<0-05. 


^ (1 per cent. 


2-3263 

- 1-235 

■\/h~l-4 
__ 2-3263 

•v/5r503T- 1 ~ 


(*-*) 


approximately, 


1-235 (0-03524) = 0-2852. 


TABLE IIlD 

Mean squares of the vartattons in the probit-log time regressions from 

DlSINFECnON OF BACT. COLI BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOPROPYL 
• ETHER AT 20°C. 


Item 

m 

Sum of squares 

Mean square 

Grand regression 


28-439074 

28-439074 

Variation in regression between concentrations 


0- 194574 

0-048644 

Variation in regression within concentrations 


2-407067 

0-160471 

Residual in y 

IDI 

3 ■461274 

0-082411 


TABLE IVa 

Summary of terms from calculations of PRoerr-LOG time regressions of 

DISINFECTION OF BACT. COU BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOBUTYL 

ether at 20°C. 


Concentrations of ethylene glycol monobutyl ether 


Ob5er\’ation 

3-5 

per cent. 

1 1 

j 3-75 1 

j per cent, j 
1 ' 

1 

40 

per cent. 

! 

, 4-25 

I per cent. 

j 4-5 

per cent. 

SI(a:-T)(>--7)) 1 

4-059036 

2-358281 ; 

3-279052 

3*267227 

2-335002 

S(a:..Y)' i 

1 2-525145 

1 -856849 1 

2-038721 ! 

2-656913 

1-714294 

SO-))' ' 

7 013784 , 

5-127533 } 

5-590826 1 

5-812414 j 

3-560732 

A- I 

10 1 

6 

10 1 

" i 

7 

1 

SS for individual regressions ... 

1 

6 696465 | 

4 799289 

5-470142 1 

4-155352 j 

3 •443#’44 

1 

b — 1 

1-^7447 1 

J -270045 , 

1 -608387 i 

1-229708 1 

I 362078 

J 

SS pool ... ... •.* 1 

6-524684 j 

2-995122 j 

5 -273984 ! 

1 

4-017735 1 

3-180455 
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The observed value of x is smaller than that calculated at the 1 per 
cent, level ; hence P = 0’05 to O'Ol. 


Test of significance of the difference between the mean squares for the 
variation in regression between tests and the residual in y. 

_ 3-0902 _ , ^1 approximately. 

i (0 1 per cent ) ^ 


Hence x (o i 


V/i-2-1 

Here, = 172 and = 557, therefore It 
- 3-0902 


262-837. 

- 1-925 (0-004) = 0-1838 


V 262-837 - 2-1 

The observed value of x (0-186797) is grpter than that calculated at 
the 0-1 per cent, level, hence P< 0-001. l 


Test of significance of the difference between the mean squares for the 
variation in regression between the pooled error (I’.e. variation between 
concentrations -r between tests) and the residual in,y. 

Here Ni = 199 and = 557, hence h = 292-24. 

Hence cent - 1-925 (0-0032) = 0- 1749 . 

V 292-24- 2-1 

The observed value of x (0-20021) is greater than that calculated at 
the 0-1 per cent, level, hence P< 0-001. 


TABLE IVb 

C^LCUI-A■^ON OF THE ERROR MEAN SQUARE OF REGRESSIONS FROM CONCENTRA-nONS 


OF ETHYLENE GLYCOL lilONOBUTYL ETHER AT 20°C. 


Concentration 

Item ! 

Sum of squares 

N 

Mean square 

3 50 per cent 

Common regression 

6 524684 , 

1 

6 524684 


Variation m regression 

0 071781 

3 

0 057260 


Total 

6 696465 

4 



Residual in y 

0 3I73I9 

10 

0 031732 

3 75 per cent 

Common regression 

2 995122 

1 

2 995122 


Vanalion in regression \ 

1 804167 

3 ' 

0 601389 


Total , 

, 4 799289 ' 

4 


1 

1 

[ Residual vn y • 

1 0 328244 

6 

0 054707 

4 00 per cent ! 

Common regression 

' 5 273984 

1 

5 273984 


Vanation in regression* 

0 196158 

3 

0 653860 


Total 

5 470142 

1 4 



Residual in y 

0 120684 

1 >0 

0 012068 

4 25 pet cent 

Common regression 

4 017735 

1 1 

4 017735 


Variation in regression 

0 137617 

i ^ 

0 045872 


Total 

' Residual in y 

4 155352 

1 657062 

4 

1 13 

0 127466 

4 50 per cent 

} Common regression 

3 180455 

i 

3-180455 

0 087796 


1 Variation in regression 

0 263389 

3 


1 Total 
( Residual in 

3 443844 

0 116888 

4 

7 

0 016697 
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TABLE IVc 

Summary of statistical data from calculations of probit-log time 
regressions for concentrations of ettiylene glycol monobutyl 

ether at 20°c. 


Concentration 


Variation in b 

SS pooled b 

SKx-^Cf-r)] 

S(x-x)‘ 



ss 

N 

3*50 per cent, ... 

0-317319 1 


0171781 

3 

6-524684 

4-059036 

2-525145 

3-75 

0-328244 

6 

1 -804167 

3 

2-995122 

2-358281 

1 -856849 

4-00 „ 

0-120684 

10 

0-196158 

3 

5-273984 

3-279052 

! 2-038721 

4-25 

1 -657062 

13 

0-137617 

3 

4-017735 

3-267227 

2-656913 

4-50 „ 

0-116888 

7 

0-263389 

3 

3-180455 

2-335002 

I -714294 

Totals 

2*540197 

46 

2-573112 

15 

21-991980 

15-298598 

10-791922 


15-298598 

b = = I -417597 • 

10-791922 

(15-298598)’ 

SS for joint regression = = 21-687249 

10-791922 


TABLE IVd 

Mean squares of the variations in the probit-log time regressions from 
disinfection of bact. cou by concentrations of ethylene glycol monobutyl 

ETHER at 20°C. 


Item 

A' 

Sum of squares 

Mean square 

Grand regression 

1 

21-687249 

21-687249 

Variation in regression between concentrations 

4 

0-304731 

0-076183 

Variation in regression within concentrations 

15 

2-573112 

0-I7I541 

Residual in y 

46 

2-S40I97 

0-055222 


TABLE Va 

summary of terms from calculations of probit-log time REGRESSIONS of 
DISINFECTION OF BACT. COU BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOHEXYL 

ETHER AT 20‘’C. 


Concentrations of ethylene glycol monohexyl ether 


Observation 
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TABLE Vb 

Calculation of the error mean square of regressions from concentrations 
OF ethylene glycol monohexyl ether at 20°c. 


Concentration 

Item 

Sum of squares 

N 

Mean square 

0 400 per cent. 

I 

Common regression 

Variation in regression ... 

12-047411 

0-051660 

4 

12-047411 

0-012915 

0-033388 

Total 

Residual in y 

12-099071 1 

0-567593 

5 

17 

0 425 per cent. 

Common regression 

Variation in regression ... 

9-206024 

0-423800 

1 

4 

9-206024 

0-105950 

0-048524 

Total 

1 Residual in y 

9-629824 

0-584291 

5 

12 

0*450 per cent. 

Common regression 

4-649105 

1 

4-649105 


Variation in regression ... 

0-010474 

I 

0*010474 


Total 

4-659579 

-> 



Residual in y 

1 0-044153 


0-007356 

0 475 per cent. 

Common regression 


I 1 

5-573459 


Variation in regression ... 


3 ’ 

0-054091 


1 Total 

! 5-735731 

4 



1 Residual in y 

j 0-215556 

10 

0-021556 

0*500 per cent 

\ Common regression 

5-669160 


5-669160 


( Variation in regression 

0-197830 

[■Bi 

0-049458 


i Total ... 

5-866990 

maam 



1 Residual in y 

0*229013 

pai 

0-015268 

Miscellaneous 

\ Common regression 

1 IRm 


4*161170 


i Variation in regression * . 


5 

0-067025 


Total 

4-496297 

6 



1 Residual in y 

0-217823 

13 

0-016756 


table Vc 


Summary of statistical data from calculations of probit-log time 
regressions for concentrations of ethylene glycol monohexyl 
ether at 20°c. 


1 

Concemmion 

Residual in y | 

Variation in b 



six-^xy 

! 

SS \ 

V 

SS 

N 

55" pooled b 

EKjc-^Cf-p)] 

0 400 per cent. . 

1 ' 

0 567593 

17 

0 OSI660 

i ^ 

12-047411 

1 6-410363 

3-410920 

■ 0 425 „ „ 

0 584291 

1 1 

12 

0 423800 i 

4 

9 206024 

1 4-731915 

2-432214 

0 450 „ 

1 0 044153 

6 

0 010474 

1 

4-649105 


1-872617 

0 475 

j 0 215556 

1 

0 162272 

3 

5-573459 

4-051449 

2 945145 

0 500 „ „ 

1 0 229013 

1 

1 0-197830 

4 

5-669160 

4-047545 

2-889779 

Miscellaneous 

1 0 217823 


( 0 335127 

5 

4 161 170 

2-493439 

1-494108 

Totals 

j 1 -858429 

1 

1 I 181163 

21 

41-306329 

24-685353 

15-044783 


b = 


SS for joint regression = 


24 685353 
15 044783 
(24-685353)' 
15-044783 


1-640792 

40-503519 
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TABLE Vd 

Mean squares of the variations in the probit-log time regressions from 

DISINFECTION OF BACT. COLI BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOHEXYL 

ether at 20°C. 


Item 

w 

Sum of squares | 

Mean square 

Grand regression 

1 

40-503519 

40-503519 

Variation in regression between concentrations 

5 

0-802810 

0-160562 

Variation in regression within concentrations 

21 

I-I8U63 

0-056246 

Residual in y 

73 

1 -858429 

0-025458 


Inferences From The Analysis 

The analysis of variance indicates that there is a significant large 
variation in the regressions between the dififerent compounds, i.e. each 
substance has its characteristic regression coefiScient which differs sig- 
nificantly from the average of the series. The analysis also shows that 
tie rsn'atioss is the regressioas between the concentrations of the sub- 
stances are of the same order as the variation between the individual tests 
at a particular concentration. Hence the regressions of different con- 
centrations of the same substance may be taken as parallel. 


Calculation of the standard errors of the probit-log time regression 
coefficients at 20° C. 

The variance of b is given by the formula F* =Tr--—-o (Mather®, 

S{x~-xy' 

section 32). The standard error, s*, of the regression coefficient is V F*. 
Vy is the error mean square from the pooled error of the variation in 
regression between concentrations and tests, and is 0-098662 (Table VII). 
The standard errors of the mean regression coefficients of all the com- 
pounds for experiments conducted at 20°C. have been computed and 
set out in Table DC. The ratio of the regression coefficients to their 
standard errors in all cases is seen to be large thereby indicating that 
b has been estimated satisfactorily. 


Calculation of the confidence limits of the probit-log time regressions. 

It is useful to present graphically the limits of error of the regression ^ 
lines at a fixed probability level, (P = 0-05 has been chosen), so that the 
advantages of an increased number of experiments from which to cal- 
culate the mean, can be appreciated more readily. 

(i) The first stage in this calculation is to determine the sum of the 
squares for the deviations of j (the mean value of the probits in an 
experiment) from y (the mean value ofy for the several tests on the same 
concentration of the disinfectant). It is necessary to compute this figure 
for every concentration used for all the compounds. Table X shows ffie 
calculations for the monomethyl ether ; the calculations for the remaining 
compounds are precisely the same. The final figures for all compounds 
are included in Table XI. 
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Cli) The next stage is to calculate the empirical variance of J (the mean 
of the mean probits). The sum of the squares of the de\iations of y is 
divided by N (the number of degrees of freedom, i.e. one less than the 
TiiiTTiVipr nf pTnpriTTipntiA tn cnvft the mean souare. Thus in the case of 42" 5 

per cent, monomethyl 
ether (Table XI) the 
mean square vvill be 

. 0.022238. 



The grand total of all 
the sum of squares of 
the deviations is divided 
by the total number of 
degrees of freedom to 
give the general or 
pooled mean square. 
Table XI sets out these 
figures from which it 
is seen that the 
average mean square is 
6-43660 „ 

T65“= 0-039010. 

The variance of j at a 
particular concentration 
is obtained by dividing 
the general mean square 
(0-039010) by the num- 
ber of experiments per- 
formed at that concen- 
tration ; in the instance 
cited above it will be 
0-022238, . 

^ — ^i.e., 0-009753. 

Hence the more tests 
performed at a particu- 
lar concentration the 
smaller will be the value 
of V= ; thus at 75 per 
cent, ethylene glycol 32 
experiments were used to 
calculate the mean and 
here V= = 0-001219, 
whereas at 27-5 per 
cent, monomethyl ether 
only 2 experiments were 
performed and its V= = 
0-019505. 
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The confidence limits will therefore vary with the number of tests 
performed for a particular concentration. Figure I has been constructed 
to indicate the confidence limits which are to be expected at a probability 
level of P = 0"05 when 32 tests are used to calculate the mean (as for 


TABLE VII 

Analysis of variance of massed regressions for disinfection of bact. cou 
BY concentrations OF ETHYLENE GLYCOL AND ITS MONOALKYL ETHERS AT 20°C. 


Item 

1 N 

ss 

I Mean square j 

1 Variance Ratio 

Probability 

Massed regression 

\ 

I 

224-508804 

! 224-508804 

! 


Variation in regression between 

1 

1 


{ 



compounds 


n -839379 

j 2-367876 



Variation in regression between 



1 



concentrations 

27 

3-505024 

0-129816 

(See Tab 

le vm) 

Variation in regression between 


1 

I 



tests 

172 

16-078721 

0-093481 



Residua] in y ... 

557 

24-671041 

0-044293 



Pooled error 

199 

19-633745 | 

0-098662 j. 

1 



TABLE VIU 

Calculation of the z’s for the items in the analysis of variance of the massed 

REGRESSIONS IN TABLE VII 


NJN, 

Variance ratio 
(V.R.) 

log„V.R, 

1 log, V.R. = 1 

ilog,, V.R. A 1 -15 i29| 

z=IIog,, V.R. 

Probability 

27/172 

I -388689 

0-1428 1 

1 016440 

0-08220 

<0-05 

5/557 

53-459373 | 

1 1-7280 , 

1-98943 

0-99472 

j <0-001 

27/557 

2-930847 1 

0-4670 j 

0-53765 

0-26883 

0 05 to 0 01 

172/557 

2- 110514 

0'3245 j 

0-37359 

0-18680 

<0-001 

199/557 i 

2-227485 

0-3478 j 

0-40042 

0-20021 

<0 001 


TABLE IX 

THE PROBIT-LOG TIME REGRESSION COEFnCIENTS WITH THEIR STANDARD ERRORS, 
OF THE REACTION BETWEEN BACT. COU AND ETHYLENE GLYCOL AND ITS MONOALKVL 
. ETHERS AT 20'’C. 







j 

Ratio 

Compound 

b 

N 

Sb-T)' 


* S(x-3)’ 

of 

b to r* 

Ethylene glycol 

I -202511 

93 

82-203083 


1 0- 03465 

35 

Monomethyl ether 

0-764799 

IS 

20-914466 


' 0-06871 


Monocthyl ether 

0-924243 

13 

17-111057 

. 0-098662 

0-07595 

12 

Monopropyl ether 

1-797864 

15 

8-798377 

■ 

0-10570 

17 

Mobobuiyl ether 

1-417597 

15 

10-791922 


0-09563 

15 

Monohe.x>l ether 

1-640792 

2' I 

t 

15-044783 


O-0S098 

20 
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75 per cent, ethylene glycol), and v/hen only 4 tests are used (as for 0-425 
per cent monohexyl ether). The calculations involved are as follows .- 

(fl) Confidence limits for 32 experiments with 75 per cent ethylene glycol 

at 20°C. ^ ^ 

Confidence limits at P = 0-05 = ± s,. x 1-96 (where 1-96 = the 
' value of the normal deviate at P = 0-05). 

Now Sj. — where Vy = Vt (x — .v)- 

But Vy = variance of >’ 
and == variance of J’ (i.e. Vp in Table H) 

= 0-001219, 

V 

and Ft - s (x - x)- 

where F = error mean square = 0-098662 (Table VII) 
and S (x - x)- = 32-035396 (Table VI, Part V^) 

=0.0030S0 

X == abscissa at which value of Vy is to be determined. 

X — mean value of x 0.e. log. time), in the 32 experiments. 

- 67-608 ^ JJ5 
"32 ^ ‘ 

The values of Vy at values of_x are obtained by substituting in the 
equation F, = V^cn + Ft (x — x)-. 

For example, at x = 1, F^ = 0-001219 -F 0-003080 (1 - 2-115)- 

= 0-005048 

= •v/0-005048 = 0-07105 


TABLE X 

CM.CV31AnON or THE SUM OE SQUARES TOR DEVLATIOKS OF THE MEAN PROBFr CO. 
FOR CONCENTRATIONS OF ETHYLENE GLYCOL MONOMETHYL ETHER AT 20’C. 


Ccncentrations of glycol monometEyl ether 


■42-5 percent. | 45-0 per ceoL | 47-5 per ceaL 50-0peteenL 52-5perceaL 


Probit j No. 

X I I T 1 IT 

4-797 209d 5-092 210? 5-S53 

4- S91 I 210f 5-591 21Is 5-870 

5- 126 I 2Hf 5-423 212e i 5-169 

5-070 j212d[ 4-807 2I3d j 5-183 




83-725175 94-520913 , 98-913866 109-703923 122-296559 

83-658462 94-274390 98-843364 109-338392 121-826405 


0 066713 


0-246523 


0-070532 


0-365531 


0-470153 
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Confidence limits (at P = 0 • 05) = 0 • 07105 x 1 • 96 = ± 0 • 1396 probits. 
Confidence limits (at P = 0 ■ 05) have been calculated for a number of 
values of x and the results are set out in Table XII. 


TABLE XI 


the empirical variance of the individual means from their mean probit 
OF experiments with concentrations of ethylene glycol and its monoalkyl 

ethers at 20° c. 


Compound 

j Concentration 
per cent 

1 ss 

N 

Mean square 


Ethylene glycol 

1 72 5 

1 

0 318245 

11 

) 

t 0 028931 

0 003251 


( 75 0 

0 476395 

31 

i 0 015368 

0 001219 


1 77 5 

0 411183 

14 

0 029370 

0 002601 


1 80 0 

0 406955 

9 

0 045217 

0 003901 


1 82 5 

0 307976 

S j 

i 0 038497 

0 004334 


85 0 

0 238682 

9 

0 026520 

0 003901 


90 0 

0 617642 

9 

0 068627 

0 003901 

Monomethyl ether ^ 

42 5 

0 066713 

3 

0 022238 

0 009753 

1 

45 0 

0 246523 

3 

0 082174 

0 009753 

) 

47 5 

0 070532 

3 

0 023511 

0 009753 


50 0 

0 36553! 

3 

0 121877 

0 009753 

1 

52 5 

0 470513 

3 

0 156838 

0 009753 

Monoeihyl ether I 

25 0 

0 141523 

2 ( 

0 070762 

0 013003 


27 5 

0 000420 

1 

0 000420 

0 019505 


30 0 

0 086265 

3 1 

0 028755 

0 009753 


32 5 

0 3I630I 

4 ( 

0 079075 

0 007802 


35 0 

0 133905 

3 1 

0 044635 

0 009753 

Monopropyl ether 

7 8 

0 110310 

3 ( 

0 036770 

0 009753 

9 0 

0 174145 

3 

0 058048 

0 009753 


10 0 

0 076907 

3 

0 025636 

0 009753 


11 0 

0 051941 

3 

0 017314 

0 009735 

1 

12 0 

0 120228 

3 1 

0 040076 

0 009753 

Monobuiyl ether 1 

3 50 

0 216277 

3 1 

0 072092 

0 009753 

3 75 

0 41 1050 

3 

0 I 3701 7 

0 009753 

1 

4 00 

0 146367 

3 

0 048789 

0 009753 


4 25 

0 033001 

3 i 

0 011000 

0 009753 


4 50 

0 078645 

3 1 

0 026215 

0 009753 

Monohexyl ether 

0 375 

0 000061 

1 1 

D 000061 

0 019503 

0 400 

0 038307 

4 1 

0 009577 ! 

0 007802 


0 425 

0 089235 

3 

0 029745 ( 

0 0097S3 


0 450 

0 016928 

1 

0 01 6928 

0 019503 


0 475 

0 149173 

3 

0 049724 

0 009753 


0 500 1 

0 048775 

1 

0 0I2I94 1 

0 007802 

Totals 1 

1 

— 

6 436660 

165 1 

0 039010 1 

— 


Table XII 

CONHDENCE LIMITS AT R = 0 05 FOR VALUES OF X FOR 32 EXPERIMENTS WITH 
75 PER CENT. ETHYLENE GLYCOL, AND 4 EXPERIMENTS WITH 0 425 PER CENT. MONOHEXYL 

ETHER, AT 20°C. 


Value of X 


Confidence Limits 
for 32 expenments 
(75 per cent cth>Icne gl>coI) 


I Confidence Limits 

for 4 expenments 
(0 425 per cent monohexyl ether) 


1 0 
1 2 

1 4 
1 6 
1 8 

2 0 
2 2 
2 4 
2 6 
2 S 


- 0 1393 probits 
0 1208 
0 1017 
0 0SS4 
0 0765 
0 0696 
0 0690 
0 0727 
0 0364 
0 1012 


2 : 0 4214 probits 
0 3130 
0 2903 
0 2376 
0 2021 
0 1946 
0 2178 
0 2632 
0 3191 
0 3848 
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(b) Confidence Jimits for 4 experiments with 0-425 per cent, monohexyl 

ether at 20 °C. 


Vt, 


V 

- s(x-xr- 


where V = 0-098662 (Table VU.) 


and SiX'Xfi = 2-432214 (Table Va.) 


0-098662 

2-432214 


= 0-040565 


7-791 

S(x) = 7-791, therefore x = — ^ — = T948 

The values of Vy at values of x are obtained by substituting in the 
equation Fy = + Fi (^-^)% where = Fp — 0-009753 

(Table XI.) 

For example: at x = I, Fy = 0-009753 -1- 0-040565 (1000 
1-948)2 = 0-046209; = -\/0^0462^9 = ± 0-215. 


Confidence limits (at P=0-05) have been calcidated for a number of 
values of x. The results are set out in Table XII. 


Figure 1 has been constructed (from the results in Table XII) to show 
graphically the limits of error (a) when 32 experiments are used to com- 
pute the mean and (b) when 4 experiments are used. 





48S 





H BERRY AND I MICHAELS 

Confidence Imits (atP = 0-05) = 0-07105x 1 -96 = ± 0-1396 probits. 
Confidence limits (at P = 0-05) have been calculated for a number of 
values of x and the results are set out in Table XII. 


TABLE XI 


THE EMPIRICAL VARIANCE OF THE INDIVIDUAL MEANS FROM THEIR MEAN PROBU 

OF Experiments with concentrations of ethylene glycol and its monoalkyl 

ETHERS at 20°C. 


Compound 

1 Concentratior 
per cent 

j 

' .ys- 

N 

i 

j Mean square 

t 

1 

1 

Ethylene gl>col 

1 72 5 

0 318245 

11 

1 0 028931 

0 003251 


1 75 0 

0 476395 

31 

1 0 015368 

0 001219 


I // 5 

0 411183 

14 

1 0 029370 

0 002601 

i 

1 80 0 

0 406955 

9 

1 0 045217 

0 003901 


1 82 5 

0 307976 

8 

1 0 038497 

0 004334 


85 0 

0 238682 

9 

0 026520 

0 003901 


90 0 

1 0 617642 

9 

0 068627 

0 003901 

Monomethyl ether * 

42 5 

0 066713 

3 1 

I 0 022238 

0 009753 


45 0 

0 246523 

3 1 

0 082174 

0 0097‘:3 

1 

47 5 

0 070532 

3 ! 

0 023511 

0 009753 


50 0 

0 365531 

3 

0 121877 

0 009753 

1 

52 5 

0 470513 

3 

0 156838 

0 009753 

Monoethyl ether i 

25 0 

0 I4I523 

2 

0 070762 

0 013003 


27 5 

0 000420 

i 1 ' 

0 000420 1 

0 019505 


30 0 

0 086265 

i 3 

0 028755 

0 009753 


52 5 

0 3I630I 


0 079075 

0 007802 


35 0 

0 133905 

1 3 1 

0 044635 

0 009753 

Monopropyl ether 

7 8 

0 I 10310 

3 1 

0 036770 ' 

0 009753 


9 0 

0 174145 

3 

0 058048 1 

0 009753 


10 0 

0 076907 

3 

0 025636 

0 009753 


11 0 

0 051941 

3 

0 017314 

0 009735 

1 

12 0 

0 120228 

3 

0 040076 

0 009753 

Monobutyl ether 1 

3 SO 

0 216277 

3 1 

0 072092 

0 009753 


3 75 

0 411050 

3 ' 

0 137017 

0 009753 


4 00 

0 146367 

3 

0 048789 

0 009753 


4 25 

0 033001 

3 

0 011000 

0 009753 


4 50 

0 078645 

3 1 

0 026215 

0 009753 

Monohex>I ether 

0 375 

0 000061 

, t 

0 000061 

0 019503 

0 400 

0 038307 

4 1 

0 009577 

0 007802 


0 425 

0 089235 

3 

0 029745 ( 

0 009753 


0 450 

0 016928 

1 

0 016928 ‘ 

0 019503 


0 475 

0 I49I73 


0 049724 , 

0 009753 


0 500 

0 048775 

4 1 

0 012194 1 

0 007802 

Totals j 

- 1 

6 436660 

165 1 

0 039010 



Table XII 


CONFIDENCE LIMITS AT P = 0 05 FOR VALUES OF X FOR 32 EXPERIMENTS WITH 
75 PER CENT. ETHYLENE GLYCOL, AND 4 EXPERIMENTS WITH 0 425 PER CENT. MONOHEXYL 

ETHER, AT 20®C 


1 0 
1 2 
1 4 
1 6 
1 8 
0 

4 

6 

8 


Value of X 


I Confidence Limits 

for 32 experiments 
(75 per cent cthjienc gl>col) 


- 0 1393 probits 
0 1208 
0 1017 

0 oss-f 

0 0765 
0 0696 
0 0690 
0 0727 
0 0864 
0 1012 


Confidence Limits 
I for 4 experiments 

1(0 425 per cent monohex>I cincr) 


± 0 4214 probits 
0 3130 
0 2903 
0 2376 
0 2021 
0 1946 
0 2178 
0 2632 
0 3191 
0 384S 
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(b) Confidence lunits for 4 experiments with 0-425 per cent, nmiohe.x} 

ether at 20° C. 


Vk where V == 0'098662 (Table VU.) 


and S(.v-ie)"- = 2-432214 (Table Va.) 


0-098662 
~ 2-432214 


= 0-040565 


7-701 

S{x) — 7-791, therefore x = — — = T948 

The values of Fj. at values of x are obtained by substituting in 
equation Vy = Fmfcn -r Vt {x-xfi, where Vnean = 1'^ = 0-009 
(Table XI.) 

For example; at .v = 1, Vy — 0-009753 + 0-040565 (1000 
1-948)- = 0-046209-, s^. = -^0^046209 = ± 0-215. 

Confidence limits (at P=0-05) have been calculated for a numbei 
values of x. The results are set out in Table XU. 


Figure 1 has been constructed (from the results in Table XU) to s 
graphically the limits of error (a) when 32 experiments are used to c 
pute the mean and (b) when 4 experiments are used. 




1-0 1-4 I.g s-z 2-6 3-0 

(b) Log Time (Min.) 

Fig. 1 (6). -ConSdenM limits (at P = 0-05) of probit-iog time regressions cal- 
culated from 4 expts. of 0-425 per cent, ethylene glycol monohexyl ether at 20°C. 

Summary 

1. The course of the disinfection (at 20°C) between Bac/. coli and 
several concentrations of the following ethers of ethylene glycol has been 
investigated: monomethyl, monoethyl, monopropyl, monobutyl and 
monohexyl. Several experiments were conducted at every concentration 
and probit-log. time regressions calculated for all experiments. 

2. For every concentration of a substance the sum of squares for the 
common regression and for the variation in regression was calculated: 
the error mean square of the regression was also computed. 

3. The data for every concentration of each compound have been 
pooled, and a mean regression has been calculated for each compound. 

4. The statistical data from all the calculations for the terms of the 
regressions for every concentration of the compounds (at 20°C) have 
been massed and an analysis of variance carried out. 

5. The probabilities for the differences between the mean squares of 
the items in the analysis of variance have been deduced by means of the 
z distribution. 

6. No significant difference could be shown between the variation in 
regression between concentrations and between tests; these two errors 
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have been pooled in order to establish the error mean square for all 
the estimations performed. 

7. The probit-log. time regression coefficient for every compound has 
been compared with its standard error; in all cases the ratio was large 
thereby indicating that b had been estimated satisfactorily. 

8. Confidence limits (at P=0-05) of the probit-log. time regressions 
have been calculated and a diagram constructed to show the increased 
precision obtained when many tests are performed at the same concen- 
tration. 
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ABSTRACTS OF PAPERS PUBLISHED IN 
OTHER JOURNALS 

CHEMISTRY 

ALKALOIDS 

Cryptocarya pleurosperma. Alkaloids of. I. S. d e 1 a L a n d e. 
{Austral. J. exp. Biol., 1948, 26, 181). This paper deals with an investigation 
of the bark of Cryptocarya pleurosperma (Fam. Lauracete), which is indi- 
genous to Australia. A new alkaloid, cryptopleurine, has been isolated 
which separates from acetone, methyl alcohol or ethyl alcohol in clusters 
of white needle-like prisms; m. pt. 195° to 196°C.; it is practically insoluble 
in water, but very soluble in chloroform and less soluble in ether; formula 
C24H29O3N with three methoxy groups. The hydrochloride, hydriodide and 
picrate are described. The bulk of the alkaloid of the bark is water-soluble 
and has been isolated in a pure condition. Cryptopleurine is extremely 
toxic, the LD50 of intravenous doses in rabbits being about 1-5 mg./kg. 
It is a powerful skin irritant and vesicant. Rubber gloves are essential 
when handling the alkaloid, with additional precautions, such as a gas 
mask, when handling the finely-ground bark. In all experimental animals 
the action of cryptopleurine was slow, usually not being manifest before 
12 hours, death usually occurring within 24 to 48 hours. Lethal oral and 
intravenous doses in rabbits invariably produced marked diarrhoea within 
12 hours. Apart from its irritant action it does not possess any other 
marked physiological activity and has no curare-like action. The water- 
soluble alkaloid fraction is physiologically relatively inert; it is non-toxic, 
non-irritant to the skin and has no curare activity. s. l. w. 

ANALYTICAL 

Amidone and other compounds. Microscopical Identification of. J. A. 
Schuldiner. {Anal. Chem., 1949, 21, 298.) The microcrystalline forms 
produced with solutions of zinc chloroiodide, potassium bromobromide. 
potassium iodoiodide, mercuric bromide, cadmium iodide and Marmc’s 
reagent are described, and detailed exact procedures necessary to obtain 
reproducible crystals .are given. The precipitation reactions of amidone, 
pethidine, morphine sulphate, codeine sulphate, diamorphine hydrochloride, 
cocaine hydrochloride, procaine, dionine, and narceine hydrochloride with 
the above reagents and with bromine water, ammonium hydroxide solution, 
Mayer’s reagent, 1 per cent, sodium hydroxide solution, lime water and a 
2 per cent, solution of cobalt thiocyanate are recorded. In these reactions 
the reagent was added to 5 ml. of an approximately 0-1 per cent, solution 
of the compound under test. R. £• s. 

Digitalis, Colorimetric Estimation of. O r 1 o F. S w o a p (I. Atner. pliarm. 
Ass., Set. Ed., 194S, 37, 268.) The colorimetric method for standardising 
digitalis due to Knudson and Dresbach (/. Pharmacol., 1922, 19, 268, and 20, 
205) has been used by the author for a number of years, and results, covering 
a four-year period, are published. The colorimetric results obtained on 20 
tinctures of digitalis and 37 samples of purified digitalis glycoside preparations 
are compared with the results obtained using the U.S.P. XII cat assay method. 

The work was carried out before the U.S.P. Reference Standard Digitalis was 
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avaflable, and values are expressed in terms of ou^ain 
method, and in cat units for the biological assay, \- 

difierent standard amount of ouabain is required for each Upe of oipt^is 
preparatioii tested colorimetrically if a conversion is to be ma e or 
Ktimation of biological cat units. 


Morphine, Colorimetric Determination of. J. S. N. Cramer and J. G. 
V o e r m a n. {Pbarm. WeekbU 1949, 84, 129.) In a method recently given 
bv Guarino. morphine, after oxidation with iodic acid, is treated with feme 
chloride. This reaction is unsatisfactory for coloriinetric use in several 
respects, but mav be greatly improved by using a nickel salt in place of 
ferric chloride. Details are as follows. A solution, containing up to S mg. 
of morphine in 15 ml., is treated with 15 ml. of _N/10 hydrochlonc acid, and 
2 ml. of 5 per cent, iodic acid: after 2 minutes 5 ml. of a saturated solution 
of ammonium carbonate is added, and the mixture is made up to 50 ml. with 


5 per cent, ammonium carbonate solution. After 30 minutes. 1 ml. of 1 per 
cenL solution of nickel sulphate is added, and, after 90 minutes, the colour 
is determined photometrically, using a suitable (red) filter, and comparing 
against a blank solution prepared as above with the omission of the iodic 
acid. No colour is given by meconic acid, or by the five principal other 
alkaloids of opium. G- 


Phosphates, Alkalimetric Titration of. J. C. W. Dijksman. (Rec. Trav. 
chim. Pays-Bas., 1949, 68, 57.) From the results of titrations it has been 
suggested that, in puriW disodium phosphate, the Na^O and PjOj are not in 
exact stoichiometric proportions. Analyses by the author show that, in fact, 
this is incorrect, and that the misleading results were due to carbonate in the 
alkali used and alkali phosphate in the phosphoric acid. The two inflection 
points in the titration curve for phosphoric acid occur at the correct equivalent 
points, correspondmg to pH values of 4-5 (0-05 M solution) or 4-3 (0-34 M 
solution), and 9T (at both concentrations) respectively. In presence of an 
amount of sodium chloride equivalent to the phosphate, the second point is 
depressed by 0-2. Thus dimethyl yellow and methyl orange are suitable 
indicators for the first end-point, and thsmolphthalein for the second one, 
but It is necessary to compare against a suitable buffer or, better, against a 
pure phosphate solution containing any other salts which may be present in 
the titration hquid. For the second point, phenolphthalein may be used if 
16 per cent, of sodium chloride is added to the solution being titrated, and 
the end-point is compared wth a buffer solution of pH 8-3. In order to 
determine phosphates in presence of calcium, iron and aluminium, the latter 
may be removed by passing through a base-exchange column (“ dusarit ”). 
Technical phosphates often contain fluorides or silicofluorides, which inter- 
fere with the alkalimetric titration. The accuracy of the titration may be 
affected by the presence of impurities, especially carbon dioxide and 
ammonia, present in distilled water, and this is especially important when 
Utrating in dilute solution. The standard alkali, and N/lOO acid, should also 
be free from carbon dioxide. ’ ^ „ 


Tartranne in Titration of Chlorides by Yolhard’s Method, A J B e r r v 
to ’’’ T>“ ““ of Krttaiinc as an aiSsorpSon wdicaor 
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CHEMISTRY 


ALKALOIDS 

Cryptocarya pleurosperma. Alkaloids of. I. S. d e 1 a L a n d e. 
{Austral. J. exp. Biol., 1948, 26, 181). This paper deals with an investigation 
of the bark of Cryptocarya pleurosperma (Fam. Lauracete), which is indi- 
genous to Australia. A new alkaloid, cryptopleurine, has been isolated 
which separates from acetone, methyl alcohol or ethyl alcohol in clusters 
of white needle-like prisms; m. pt. 195° to 196°C.; it is practically insoluble 
in water, but very soluble in chloroform and less soluble in ether; formula 
C24H2903N with three methoxy groups. The hydrochloride, hydriodide and 
picrate are described. The bulk of the alkaloid of the bark is water-soluble 
and has been isolated in a pure condition. Cryptopleurine is extremely 
toxic, the LD50 of intravenous doses in rabbits being about 1-5 mg./kg. 
It is a powerful skin irritant and vesicant. Rubber gloves are essential 
when handling the alkaloid, with additional precautions, such as a gas 
mask, when handling the finely-ground bark. In all experimental animals 
the action of cryptopleurine was slow, usually not being manifest before 
12 hours, death usually occurring within 24 to 48 hours. Lethal oral and 
intravenous doses in rabbits invariably produced marked diarrhoea within 
12 hours. Apart from its irritant action it does not possess any other 
marked physiological activity and has no curare-like action. The water- 
soluble alkaloid fraction is physiologically relatively inert; it is non-toxic, 
non-irritant to the skin and has no curare activity. s. L. w. 


ANALYTICAL 


Amidone and other compounds, Microscopical Identification of. J. A. 
Schuldiner. (Anal. Chem., \949, 21, 298.) The microcrystalline forms 
produced with solutions of zinc chloroiodide, potassium bromobromide. 
potassium iodoiodide, mercuric bromide, cadmium iodide and Marmc’s 
reagent are described, and detailed exact procedures necessary to obtain 
reproducible crystals .are given. The precipitation reactions of amidone, 
pethidine, morphine sulphate, codeine sulphate, diamorphine hydrochloride, 
cocaine hydrochloride, procaine, dionine, and narceine hydrochloride with 
the above reagents and with bromine water, ammonium hydroxide solution, 
Mayer’s reagent, 1 per cent, sodium hydroxide solution, lime water and a 
2 per cent, solution of cobalt thiocyanate are recorded. In these reactions 
the reagent was added to 5 ml. of an approximately 01 per cent, solution 
of the compound under test. R- E- s. 


Digitalis, Colorimetric Estimation of. O r 1 o F. S w o a p (A Aincr. pharm. 
Ass., Set. Ed., 1948, 37, 268.) The colorimetric method for standardising 
digitalis due to Knudson and Dresbach (J. PhaniiacoL, 1922, 19, 268, and 20, 
’’05) has been used by the author for a number of years, and results, covering 
a four-year period, are published. The colorimetric results obtained on 20 
tinctures of digitalis and 37 samples of purified digitalis glycoside preparations 
are compared with the results obtained using the U.S.P. XII cat a«ay rncthod. 
The work was carried out before the U.S.P. Reference Standard Digitalis was 
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available and values are expressed in ternrs of ouabain for the colorimetric 
methot anS in cat units for the biological assay, -nre results e that a 

different standard amount of ouabain is required for ^ach ty^ of fhe 
preparation tested colorimetrically if a conversion is to be made tor me 
estimation of biological cat units. 

Morphine, Colorimetric Determination of. J. S. N. C r a m e r and J. ^ 
Voerman. (Pharm. Weekbl, 1949, 84, 129.) In a method re^ntly given 
by Guarino, morphine, after oxidation with iodic acid, is treated with terric 
chloride. This reaction is unsatisfactory for colorimetric use in several 
respects, but may be greatly improved by using a nickel salt in place ot 
ferric chloride. Details are as follows. A solution, containing up to 8 mg. 
of morphine in 15 ml., is treated with 15 ml. of N/10 hydrochloric acid, and 
2 ml. of 5 per cent, iodic acid; after 2 minutes 5 ml. of a saturated solution 
of ammonium carbonate is added, and the mixture is made up to 50 ml. with 
5 per cent, ammonium carbonate solution. After 30 minutes, 1 ml. of 1 per 
cent, solution of nickel sulphate is added, and, after 90 minutes, the colour 
is determined photometrically, using a suitable (red) filter, and comparing 
against a blank solution prepared as above with the omission of the iodic 
acid. No colour is given by meconic acid, or by the five principal other 
alkaloids of opium. 


Phosphates, Alkalimetric Titration of. J. C. W. D i j k s m a n. {Rec. Trav. 
chim. Pays-Bas.. 1949, 68, 57.) From the results of titrations it has been 
suggested that, in purified disodium phosphate, the Na^O and PoOg are not in 
exact stoichiometric proportions. Analyses by the author show that, in fact, 
this is incorrect, and that the misleading results were due to carbonate in the 
alkali used and alkali phosphate in the phosphoric acid. The two inflection 
points in the titration curve for phosphoric acid occur at the correct equivalent 
points, corresponding to pH values of 4-5 (0-05 M solution) or 4-3 (0-34 M 
solution), and 9T (at both concentrations) respectively. In presence of an 
amount of sodium chloride equivalent to the phosphate, the second point is 
depressed by 0-2. Thus dimethyl yellow and methyl orange are suitable 
indicators for the first end-point, and thymolphthalein for the second one, 
but It is necessary to compare against a suitable buffer or, better, against a 
pure phosphate solution containing any other salts which may be present in 
the titration liquid. For the second point, phenolpbthalein may be used if 
16 per cent, of sodium chloride is added to the solution being titrated, and 
the end-point is compared with a buffer solution of pH 8-3. In order to 
determine phosphates in presence of calcium, iron and aluminium, the latter 
may be removed by passing through a base-exchange column (“ dusarit ”). 
Techniral phosphates often contain fluorides or silicofluorides, which inter- 
fere with the alkalimetric titration. The accuracy of the titration may be 
affected by the presence of impurities, especially carbon dioxide and 
ammonia, present in distilled water, and this is especially important when 
ntratmg in dilute solution. The standard alkali, and N/lOO acid, should also 
be free from carbon dioxide. p 


Tartr^ne in Titration of Chlorides by Volhard’s Method. A. J. B e r r v 
(Analyst, 1948, 73, 505.) The use of tartrazine as an adsorption indictaor 

■ of *emSX'°s“l°^ chlorides by Volhard’s method without the necessity 
t removing the silver chlonde is recommended. Experiments s>inw»n 

-s titrated m the presence of silver chloride using tartrazine 
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as mdicator, the same final titration value was obtained whether the 
titration was completed with standard hydrochloric acid or standard 
ammomum thiocyanate solutions. The results of a number of titrations 
are recorded, using 3 drops of a 0.5 per cent, tartrazine solution, and 
taking the end-point at the stage when the dye was removed from the 
precipitate and the supernatant liquid assumed a rich lemon colour: 
agreement with the theoretical value was of the order of 1 in 3,000. 

R. E. s. 


PLANT ANALYSIS 

Coitrbonia Virgata, Chemical Composition and Basic Constituents of. 
A. J. Henry and D. N. Grind ley. (/. Soc. chem. Irtd., Land., 1949, 
68, 9.) The chemical composition of the air-dry root of Coitrbonia virgala 
A. Brongn. (Capparidaceae) is: — moisture, 5-90 per cent., ash 7-47 per cent., 
protein 17'41 per cent., crude fibre 5-78 per cent., sucrose 33-53 per cent., 
jpentosan (araban) 11-17 per cent., fat (soluble in light petroleum) 
3-37 per cent., fats (soluble in chloroform but insoluble in light 
petroleum) 0-81 per cent., tetramethylammonium hydroxide 0-93 per 
cent., other non-volatile bases, about 0-03 per cent., and some 
dimethylamine and trimethylamine. The bases probably occur as chlorides. 
The composition of the ash, and the characteristics of the root fat have been 
determined. The seeds contain smaller quantities of fat, ash, protein and 
crude fibre, and the main carbohydrate is starch (64-86 per cent.) The 
principal basic constituent (tetramethylammonium hydroxide) is present in 
the proportion of 0-93 per cent, in roots, 0-78 per cent, in aerial stems, 0-70 
per cent, in leaves, 0-65 per cent, in thick scaly shoots and 0-15 per cent, in 
seeds. The method for the isolation of tetramethylammonium hydroxide 
from the air-dry material is as follows. Percolate with alcohol, evaporate, 
extract with water, and filter to remove oily matter. .Treat the filtrate with 
basic lead acetate, remove the excess with hydrogen sulphide, evaporate to 
small bulk, warm with water to 55° to 60°C., add iodine-potassium iodide 
solution, cool overnight and collect the precipitate on a sintered glass filter. 
Expel the free iodine by prolonged treatment with hot water, evaporate the 
solution, dry at 110°C, extract with cold water and filter. Evaporate the 
filtrate to dryness and wash with dehydrated alcohol until no more colour 
is extracted. Recrystallise from hot water and wash with dehydrated 
alchohol. Dimethylamine, trimethylamine and non-volatile bases can be 
extracted from the alcoholic washings. o. b. 

Dichroa fehrifuga Lour, Antiinalarial Constituents of Chinese Drug 
Ch’ang Shan. T. Q. Chou, F. Y. F u and Y. S. K a o. (/. Amer. 
chem. Soc., 1948, 70, 1765.) Extraction of the powdered root yielded 
extracts which were found to contain umbelliferone, 4-quinazolone, a base 
with the composition and a water-soluble alkaloid named 

dichroine. This had the composition CieH-iOjNj and isomensed readily 
under suitable conditions to three isomerides a-, P- and -jf-dichroines. When 
oxidised with potassium permanganate, dichroine yielded 4-quinazolone 
among other products; hydrolysis with sodium hydroxide gave the decom- 
position products anthranilic acid, formic acid, and ammonia, together with 
a compound which behaved like a pyrrole derivative. Benzoylation ga%e a 
tribenzoyl derivative. Neither carboxyl-, methyl-, nor methylenedioxy- 
groups were detected. Dichroine formed both norrnal and acid salts 3"“/^ 
nitroso compound. Regarding the antimalarial activity o ic roincs, ^ e 
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a-isomeride showed the greatest, and the v-isomeride the least, the curative 
dose for chicken malaria being found to be 4 mg. of v-isomer per kg. 


BIOCHEMISTRY 

general biochemistry 

Benzylpenillic Add, Synthesis of. R. W. Holley, F. 

AH. Livermore, and V. d u V i g n e a u d. {Science. 1948, 108, 136.) 
The condensation of D-penicillamine hydrochloride (1) with 2-benzylj4- 
methoxymethylene-5(4).oxazQlone (II) in pyridine containing triethylamine 
and subsequent treatment of the crude condensation product, gave needles 
of D-benzylpeniUic acid (III) (micro m.pL, 180° to 182 C. (in 19 per cent, 
jield), optical rotation [a] -i- 471° (0-1 per cent, in methyl alcohol); the 

benzylpenillic acid isolated was the same isomer as that obtained from 


C-Ha 


OHa 

— C — CH — CXK)H 
HS NH, . Ha 
I. 


OCH, 

! 

CH 
t 

C — C= O 
\ 
o 

N = C^CH,C.H, 

n. 

CH, 

CH,-C-CH-COOH 
) ) 
s >. 

CH C - CH,C,H, 

I t 
CH-N 

CX)OH 

m. 

natural benzylpenicillin. When i.-penicillamine hydrochloride was substi- 
tuted for i>-penicillamine hydrochloride in the procedure, L-benzylpenillic acid 
was obtained, identical with D-benzylpenillic acid in all respects, except for 
its opposite optical rotation, -476° (0-09 per cent in methyl 

alcohol). When DL-penicillamine hydrochloride was used, optically inactive 
benzi'lpenillic acid was obtained (micro m.pt., 177°C. to 179°C). Reference ' 
made to a small antibiotic activity found after the condensation of I and 
in pyridine (contaiiung no triethylamine) and to other data published 
The Chemistry of Penicillin. Princeton Univ. Press, 1948. R. E. s. 

^Naphtfaylpropionic Add, Substituted, CEstrogenic activity of. A 
Horeau, J. Jacques and S. Julia. {C. R. Acad. ScL. Fan's, 194S, 
Til, 1278.) The suppression of a phenolic hydroxyl group 
generally results in a considerable diminution 

of the physiological activity of cestrogens. ^ cac— cooH 

Substituted (methyl or ethyl>naphthylpro- cH.cr. ^ 1 r ot. 

pionic adds (allenolic acids) of the type 

are knov,Ti to be powerfully cestrogenic. The present paper describes the pre- 
paration of the corresponding non-phenolic compounds 
Thwe acids were found to be about 10 times less A\ /V | ^ 

the methoxy compounds. Detailed ] | j-ch-ccxwh 


biological results are to be published later. 
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Snramm, Studies on. H. M. D e w e y and A. W o r m a 1 1. {Biochem. 
1948, 43, 24.) ^ Experiments were carried out to determine whether any 
simple antiseptic could be added to blood serum or plasma to preserve 
subsequent suramin determinations without interfering with the 
colour reaction; at the same time an investigation into the reliability of 
suramin determinations on whole blood samples was made. Throughout 
the work the suramin was determined by hydrolysis, diazotisation and 
coupling with methyl-a-naphthylamine, the pink colour produced being 
matched against a standard Tintometer disc. In a number of determina- 
tions in which suramin was added to whole blood (ox, rabbit, and human) 
the recovery ranged from 60 to 97 per cent. ; it was considered that this 
was due to constituents of the blood cells which inhibited diazotisation 
or coupling. Quantitative recoveries were obtained when differing amounts 
of suramin were added to hydrochloric acid-hydrolysed blood. When 
suramin was added to a sample of whole blood it gave 64 to 69 per cent, 
recovery in straight determinations but recovery values of 92 and 97 per 
cent, were obtained from the separated plasma and the red cells. The 
suramin was almost completely confined to the plasma. The addition of 
ether, chloroform, toluene (0-3, 0-2 and 0-2 ml. respectively per 2 ml. of 
serum); phenol and merthiolate (to give concentrations of 0-2 to 0-4 and 
0-018 per cent, respectively) and I0-3N HCl (3 ml./2 ml. serum) to serum 
from rabbits' injected with suramin, showed that ether, chloroform, toluene, 
and hydrochloric acid were not completely satisfactory as preservatives. 
Serum preserved with phenol or merthiolate gave satisfactory results over 
periods of 1 to 5 weeks. R. e s. 


BIOCHEMICAL ANALYSIS 


Bismuth in Biological Material, Determination of. E. P. L a u g. (Anal. 
Chem., 1949, 21, 188.) The direct extraction of bismuth with ditbizone from 
aqueous solutions at pH 2 cannot be applied satisfactorily to acidified digests 
of biological material owing to the serious interference of halides and phos- 
phates. It was found that in the presence of 20 per cent, acetic acid with 
carbon tetrachloride substituted for chloroform as the solvent for dithizone, 
quantitative extraction of bismuth could be made in the presence of phos- 
phates and halides at pH 2-5; simultaneously a separation from lead was 
effected. Details of the method given involve dry-ashing of the sample at 
500°C. followed by solution in concentrated nitric acid. To the diluted 
solution glacial acetic acid is added to pH 2-5 and bismuth is extracted with 
successive portions of dithizone in carbon tetrachloride; under these con- 
ditions some copper and zinc but no lead are extracted. The metal dithizom 
ates are washed with dilute nitric acid and then with dilute nitric acid 
containing potassium bromide. By this means, bismuth dithizonate is 
decomposed and the bismuth reverts to the aqueous phase as a complex 
bromide salt. When the aqueous phase is adjusted to pH 9-5, this cornplex 
is again dwomposed. Bismuth is then extracted with dithizone in chloroform 
and the density of the coloured solution is determined in a spectrophotometer 
at 490u. Results are given for the recovery of bismuth added to rat tissue 
' R. E. s. 


Cadminm in Biological Materials and Foods, 

S fa i r 1 e y, E. J. B e n n e and E. J. M i 1 1 e r. (Ana/. Chem., 1949, 21, SM.) 
A procedure for estimating small amounts of cadmium is e>yen. tnc 
sample is first evaporated to dryness w-ith 2N sulphuric acid and ashed at 
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550»C.; the residue is then extracted vdth N/1 ^I'^The 

ing extract being diluted, neutralised, ^ jus e o portion is 

adiusted acid extract is then treated as follows;— (1) auqnot 

SSed a carbon tetrachloride solution of ^t Td^ScS^ 

interferino^ ions of copper and mercury and most of the cobalt and nick , 

srthe aqueous phasf is adiusted to pH S-5 to 9-0 with ^TaU 
hydroxide-ammonium citrate buffer solution contai^g ® ^ 

dimethvlglyoxime is added, and the solution is extracted wift chlorofom 
to remove cobalt and nickel not extracted previously, (3) sodium hydroxide 
is added to make an approximately 5 per cent, solution followed by extrac- 
tion with a carboa tetrachloride solution of dithizone to remove the cad- 
mium. The extracted cadmium dithizonate was determined photometrically, 
the maximum absorption occurring at 515 mu. The use of amber glassware 
was found to give protection from light, particularly in the case of the 
blank solution. Results of the sensitivity of the procedure compared favour- 
ably with those published preriously. Amounts of magnesium or calcium 
phosphate greater than 100 mg. may interfere. R- E. s. 


Pregnandiol, New Colorimetric Determination of. J. W. G o 1 d z i e h e r. 
(/. Lab. din. Med.. 1948, 33, 251.) An aliquot portion, contaimng about 
OT to 1 mg. of pregnandiol, of a solution of the sample in a suitable solvent 
such as ether-alcohol is evaporated to dryness in a 10-rol. graduated flask, and 
about 6 ml. of zinc chloride reagent (38 per cent, in glacial acetic acid) and 
exactly 2-5 ml. of acetii chloride added. The flask is warmed in a water- 
bath at 50°C. for 30 minutes, cooled in ice to room temperature, allowed to 
stand for 20 minutes, and the volume adjusted to 10 ml. with zinc chloride 
reagent. The intensity of the colour is compared with that of a standard 
prepared in the same manner using 0-5 mg. of pregnandiol. The method 
was found to be accurate to within 4 per cent. G. r. k. 


PHARMACY 


DISPENSING 


Pectin of Opuntia vulgaris, Penic illin delay action of. H. D i a c o n o and 
V. M a s s a. (Ann. pharm. Franc., 1949, 6, 461.) The addition of the pectin 
of Opuntia vulgaris to pemcillin solution gives a delaying effect comparable 
to that of Subtosan (which contains polyvinylpyrrolidone). The formula 
used was as follows. Calcium magnesium pectate from Opuntia vulgaris, 
10 g.; sodium chloride, 8-5 g.; potassium chloride. 0-5 g.; calcium chloride 
cryst., 0-5 g.; magnesium chloride cryst., 0-005 g.; N/1 hydrochloric acid, 
17- i ml.; sodium bicarbonate, 1-68 g.; water, to 1 1. Repeated intramuscular 
adrmnistration of 0-1 g. of this pectin to guinea-pigs did not produce anv 
harmful effects. ' 


Procmne and Procaine-Adrenaline, Stabilitv of Solutions of. F 
U e 1 e b a r t. (Ann. pharm. Franc.. 1949, 6, 439.) Solutions of procaine may 
ecome discoloured on storage, owing to oxidation. This may be prevented 
^ ? addition of sodium bisulpbtte. When adrenHliue is also present, the 

oxidation of the adrenaline, and discoloxa- 
adrpn-.!- • rapid. In such solutions the physiological action of the 
f '’"“S hy-potenslve. while the pro^Sel^ 
ing 1 s anesthetic action, acquires an increased to.xicity while 
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sensitising the patient to the toxic action of the changed or unchanged 
adreMluie. Impurities in the procaine are an important factor in produc- 
mg this decomposition, and ampoules prepared with pure procaine and dis- 
tilled water free from traces of metals may be kept for several months, even 
without the addition of sulphite. J „ 


PHARMACOGNOSY 

Colchicum Seeds, Colchicine Content of. F, Santavy and J. 
Buchnicek. (Pliarm. Acta Helvet., 1949, 24, 20.) The colchicine con- 
tent was determined in ill samples of the seeds of Colchicum autumnale 
Linn, from Moravia and Silesia. It was found to vary from 0-60 to 1-23 per 
cent.; the mean value being O-Sl per cent. The weight of the seeds varied 
from 183 to 406/g., the mean value being 262. The colchicine content 
reached a maximum (1*2 per cent) with seeds corresponding to 350/g.; with 
larger or smaller seeds the percentage was less. o. M. 

Datura, Effect of Cultural Conditions on Aikaloidal Content of. 
R. H e g n a u e r and H. F 1 u c k. {Pharm. Acta Helvet.. 1949, 24, 1.) Two 
kinds of Datura grow well in Switzerland, and these have been regarded 
as separate species, the white flowered form being D. stramonium Linn, 
and the violet flowered one as D. tatula Linn. A detailed description is 
given of the morphology and biology of the former species. There is a con- 
siderable difference in the aikaloidal content of individual plants, even though 
all are seedlings of a single mother plant. The aikaloidal content also 
varies with the variety, e.g., D. stramonium “ Zurich ” contained, in the leaf, 
from 0T28 to 0-235 per cent, of alkaloid; while D. stramonium inermis 
“ Dordrecht ” had from 0-335 to 0-578 per cent. The mean aikaloidal content 
of seedlings varied in the same way as that of the mother plants, indicating 
that yields can be improved by selection. Removal of the capsules or, even 
more, of the flowers, leads to a greater vegetative development with, at the 
same time, an increase in the percentage of alkaloids. The attempt to 
produce the same effect by spraying the plants with growth hormones resulted 
in a considerable disturbance in the growth of the young flowers and leaves. 
The vegetative period of the treated plants was considerably lengthened, and 
the autumnal drop in aikaloidal content of the leaves was retarded. 

G. M. 

Psyllium Seeds and Their Mucilages, A Quantitative and Qualitative 
Evaluation of Official and Unofficial Species. D. Greenberg. 

(J. Amer. pharm. Ass., Sci. Ed., 1948, 37, 139.) A convenient means for the 
quantitative determination of the mucilage separated from psyllium seeds 
has been described. This involves soaking the seeds for 20 hours, at first with 
vigorous agitation, in 20 ml. of water per g. of seeds and subsequent expres- 
sion of the mucilage by hand press; the mucilage is dried at 95° to 100° C., 
and weighed. The swelling factor of psyllium seeds is not indicative of their 
mucilage content, but depends on the viscosity of the mucilage formed, and 
other related factors. The viscosity, the swelling factor, and the proportion 
of mucilage obtained show no direct relationship between the many possible 
swelling factors obtainable for any given lot of seeds and the proportion ot 
mucilage yielded by the seeds, nor is the proportion of mucilage ob^inabJe 
from the seeds an indication of the viscosity of that mucilage; it theretore 
suggested that more exacting standards than now required by the r/. . 

494 



PHARMACOGNOSY 

for the evaluatioQ of psyllium seeds be considered. Two unofficial seeds 
have been described and assayed. Planiago rhodosperiua grows^ on sandy 
soil from Missouri and Oklahoma to Louisiana, Texas and Arizona, the 
seeds yield 16 to 20 per cent, of a very thick and viscous mucilage, 150 ing. 
of which diluted to 20 ml. with water yields a semi-solid mass, resembling 
closely the consistency of “ set ” gelatin. P. wrigluiona grows in dry sandy 
soil and is a native of Texas and Arizona; the seeds compare favourably in 
all respects with'the official seeds, and yield about 20 per cent, of a viscous 
mucilage. These seeds of P. wrightiana can resist fermentation for several 
weeks, before yeast colonies begin to develop;- they even resist transplants of 
mycelial mats of Aspergillus niger. This seems to indicate that there is 
present in P. wrightiana a substance which prevents or retards the growth of 
bacteria and fungi. The seeds of other species ferment within 24 to 48 
hours after adding water, and become covered with moulds. l. h. p. 


PHARMACOLOGY AND THERAPEUTICS 

Antacid Buffers, A Study of, DL Prolonged Neutralisation. J.M.Holbert, 
N. N o b 1 e, and I. W. G r o t e. (J. Amer. pharm. Ass., Sci. Ed., 1948, 37, 292.) 
An efficient antacid should neutralise the gastric acidity rapidly to pH 3.5 to 
4, thus performing a double role in the prompt relief of pain and in the 
inactivation of pepsin, and should not cause reflex secretion of further hydro- 
chloric acid by the gastric mucosa. In the evaluation of antacids the length 
of time required for neutralisation, the change in pH, and the length of time a 
given quantity of antacid is effective in neutralising acidity, must be con- 
sidered. This length of time during which various antacids were effective in 
neutralising artificial gastric juice was studied in vitro under conditions 
resembling those in the stomach, the acid reaction mixture was removed from 
time to time, and an equivalent volume of fresh and artificial gastric juice 
was added. The efficiency of the antacid was followed by pH determinations. 
This method is a modification of the procedure due to Johnson and Duncan 
(Quart. J. Pharm. Pharmacol., 1945, 18, 251.); 10 commonly used antacid 
powders were compared, they included 2 preparations of aluminium 
hydroxide, aluminium dihydroxyaminoacetate, magnesium trisilicate, mag- 
nesium hydroxide, sodium bicarbonate, and several compound powders; the 
aluminium preparations appeared to be the antacids of choice, according to 
the above criteria, L. h. p. 


Caronamide, Absorption and Elimination of. K. H. B e y e r, E. K. 
Tillson, H. F. Russo, G. S. Schuchardt and S. R. Gass. (/. 
Pharmacol., 1948, 94, 167.) Caronamide is rapidly and completely absorbed 
when administered orally to dogs, as judged by the plasma levels and the 
overall urinary recovery of the drug and its metabolitefs). Some 43 per cent, 
of a given dose of caronamide is excreted within 4 hours after its adminis- 
tration, and urinary recovery is essentially complete within 24 hours. After 
oral or intravenous adnunistration of caronamide to normal dogs, or intra- 
venous administration to bilaterally nephrectomised dogs, a portion of the 
drug IS metabolised. About 60 per cent, of a dose of the drug 
administered to normal dogs is excreted as such, the remaining 40 per cent 
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PHARMACOPCEIAS AND FORMULARIES 


DANISH PHARMACOPOEIA, 9TH EDITION, 1948 


The new edition of the Danish Pharmacopceia consists of more than 1600 
pages and is divided into three volumes. The first deals with general deter- 
minations, methods of investigation, reagents, etc., the second contains 
monographs on individual substances, and the third contains formulae and 
pneral monographs for forms of medicaments (extracts, tablets, etc.) formerly 
included in the Dispensatorium Danicum and the Pharmacopoeia. The third 
part is necessarily large because of thei wide scope of the dispensing carried 
out in Danish pharmacies. 

The distribution of the remainder of the contents of the pharmacopoeia 
between volumes I and II has been necessitated by the increased knowledge 
of the drugs described and by the improvements in analytical control. Limit 
tests, determination of physical constants, quantitative methods, bacterio- 
logical tests and semi-micro tests are set out in a special section in volume I 
together with other important directions. Melting-point determinations 
of derivatives are often used for the identification of organic compounds. 
For inorganic compounds, distinguishing tests are often prescribed which 
exclude the presence of substances which give the same reaction as the 
substance which is to be identified. The number of limit tests carried out 
by comparison with a standard solution has been much extended. Most of 
the tests have been rewritten on the basis of investigations carried out in the 
laboratory of the Danish Pharmacopoeia Commission to determine the effect 
of conditions such as method of mixing, acidity and temperature on the 
results. Assays are prescribed for nearly all compounds, also for a large 
proportion of the galenical preparations and for many vegetable drugs. 

Although some vegetable drugs have been omitted from the new pharma- 
copoeia, the number is still large and includes some less familiar products 
such as sweet almond seed, althaea, fig, gall and manna. The macroscopic 
and microscopic descriptions are fully detailed and include many new 
observations. 


In Denmark specialities are controlled by the State Laboratory, and vac- 
cines and sera, etc., are prepared by the State Serum Institute. The Danish 
Pharmacopoeia, therefore, does not contain specifications for drugs which 
are only dispensed in the manufactured form. 

Only three monographs for hormones are included and there are none on 
biological drugs. The hormones are adrenaline, stilboestrol and stilbosstrol 
dipropionate. The vitamins cover the same range as in the British Pharma- 
copeia, 1948. Methods of biological investigation, which are continually 
developing, are not described but are left as the responsibility of the Danish 
Ministry of Health so that they may easily be changed when necessary. 

Veterinary drugs are not described in this Pharmacopceia, but it has now 
been decided that the compounds and drugs which are used for the prepara- 
tion of veterinary medicines shall, in future, be included, and a veterinary 
supplement is in the press. 

The Latin names of certain drugs differ from those in use in England. 
The more important differences include: tetheroleum for essential oils, 
acidum amygdalicum for mandelic acid, bolus alba foi kao in, an le- 
malum, enhexymalum, hexemalum and phenemalum for barbifone. bexo- 
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barbitone cyclobarbitone and phenobarbitone respectively. Dextrosum hydra- 
tum is called ^ycosum and phenytoin, phenantoinum. Four sulphonarmdes 
are included; — sulphadiazine, sulphamerazine, sulpbanilamide and sulpna- 
thiazole. In addition to the barbiturates naentioned above there are mono- 
graphs for diallylbarbituric acid (dialiylmalum, allobarbitone) and allylijo- 
propylbarbituric acid (allypropymalum). The local anresthetics are tetracavne 
(amethocaine), benzocaine, cincaine hydrochloride (cinchocaine) and pro- 
caine. 

Galenical preparations are treated very fully and there are general mono- 
graphs for forms of medicaments which are less common in England, such 
as concentrata vegetabilium, dosipulverts, grannlata and succi. Distinctions 
are made between suppositoria and vagitoria, between tablettse (for internal 
use), injectablette and solublettae (for solutions other than injections), 
tablettae orales (for sucking, with local action in the mouth and throat) and 
trochisci (for chewing). For liquid preparations such names as injectabilia, 
oculogutte, mixturae (used by dessert- or tablespoonsfuls), liquors (used by 
teaspoonfuls) and guttae are used; the three last-mentioned names may be 
used only for preparations for internal use. 

Eighty monographs for tablettae are given but, in general, it is not required 
that technical details shall be followed exactly, merely that the content of 
drug and the form and size of tablet shall be as prescribed. A disintegration 
test is directed to be made on three tablets which should appreciably dis- 
integrate after ten minutes shaking in water at 38° to 40°C. in a flask. In the 
general monograph on pills, directions are given for obtaining uniformity of 
appearance whether they are prepared by rolling out, extrusion with subse- 
quent cutting off and rounding, or by compressing in a tablet machine 
followed by coating. A new system is used for the requirements for accuracy 
of dosage in tablets. The changes of requirements by steps found in, among 
others, the British Pharmacopceia and Danish Pharmacopceia 1933, are now 
avoided. For example, for tablets which weigh over 0-08 g. at least 30 are 
weighed and of these 90 per cent, must not deviate from the mean weight 
by more than 0 004 g. + 5 per cent, of the mean weight. 

The twelve official eye-drops are prepared aseptically and the injections 
(67) are sterilised. Both forms of medicament must be isotonic with the 
liquids of the tissues. In volume I there are isotonic curves for a large 
number of compounds, compiled by Pedersen-Bjergaard and co-workers. Six 
methods of sterilising injections are given; — ^filtration, heating in steam or 
boiling water at 100°C. for 15 minutes or 1 hour, autoclaving at 120°C. for 
20 minutes and a dry heat at 140°C. for 3 hours or at 160°C. for 2 hours. 
Injections not official in the British Pharmacopoeia are: — tetrapon (opium 
alkaloids), sodium thiosulphate, sulphur, sodium iodide and sodium nitrite. 
Injection of aneurine hydrochloride is given in two strengths — 1 per cent! 
and 2-5 per cent. Injection of glucose is prescribed as 10 per cent, and 
50 per cent. 


The stability of drugs has been carefully considered and the rules for heat 
treatment and time of storage, which are largely based on Danish investiga- 
tions, are summarised in a Table in Volume I. 


While the earlier editions of the Dispensatorium Danicum (1934 and 1938) 
nna a pocketbook and were intended for the use of both doctor 

and phaimacisti Volume III of the Pharmacopoeia is mainly intended for 
pharmacists. The volume has the same format ^ the othefvolumes of the 

{Continued on page 500) 
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LETTERS TO THE EDITOR 

Vitamin Bjj 

Sir, Our independent isolation of crystalline anti-pernicious anaemia 
factor from liver was announced^’^ within a few weeks of the 
initial American publication^ on Vitamin Bi2' The identity of these 
two red crystalline preparations was presumed at the time, and has since 
been amply confirmed. We first argued, very tentatively, from determina- 
tions made on an ultra-micro scale, that the molecule contained three atoms 
of phosphorus. We have now known for some time that this was not so; 
the true value of 2.1 per cent, of phosphorus corresponds with one atom per 
molecule. We have corrected our original statement in a paper at present 
awaiting publication; although we did not think the matter worthy of 
separate record in the present conditions of scientific publications, we 
mentioned it widely to interested parties. Nevertheless unnecessary con- 
fusion may be created by a recent paper^ in your journal; its authors have 
seized upon this one apparent discrepancy to suggest that our material 
differs from their preparation of vitamin Bjj. 

We have been able to exchange samples with Messrs. Merck and Co. Inc., 
of Rahway, New Jersey, and we have made a detailed comparison of the 
materials. Our crystalline anti-pernicious aneemia factor is identical with 
their vitamin Bj, in the following respects ; — cobalt and phosphorus* content; 
microbiological activity; ultraviolet and visible absorption spectra; 
single crystal X-ray diagramsf; refractive indicesj; polarographic step; 
behaviour on paper chromatograms; clinical potency. 

The B.D.H, workers have thus confirmed our own finding, and that of the 
Merck workers, that the molecule of B12 contains one atom each of cobalt 
and phosphorus. 

E. Lester Smith. 

Research Division, 

Glaxo Laboratories Ltd. 

Greenford, Middlesex. 
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PHARMACOPCEIAS AND FORMULARIES (Continued from page 499) 

pharmacopoeia, but since the pharmaceutical directions are made fuller th^an 
before and there are also included analytical requirements for a large number 
of preparations, the book is not particularly suitable for the use of medical 
men. The Pharmacopoeia Commission has therefore produMd a book 
specially for doctors. In this book, Pharmaconomia Danica, vrhich will be 
published shortly, the compositions of these preparations of the 
copceia which are of use to the doctor are explained, together with the 
actions, uses and doses. 


500 



BOOK REVIEWS 

THE PRINCIPLES OF BIOLOGICAL ASSAY, by C. TV. Emmens. 
Pp. 204 and Index. Chapman and Hall, Ltd,, London, 1948. 21s. Od. 

As Sir Percival Hartley says in the opening words of his introduction to 
this work “ biological assay is now a recognised tool for the study of certain 
properties of living matter.” The use of techniques of biological assay has 
increased from that of standardisation of drugs, importent and expanding 
in scope as that work may be, to include methods of biological assay as a 
tool of research. The worker in this field must ever hold clearly before his 
mind’s eye the facts that biological assays are of necessity conducted by com- 
paring the unknown with a standard preparation of the same substance, and 
that the methods of comparison are such that the dominant factor of 
biological variation may not be excluded. This volume has been written 
with these precepts in mind. The author emphasises the duty of the experi- 
menter not merely to analyse his data by known statistical methods but to 
plan his experiment beforehand so that the results are readily capable of 
analyses by recognised methods. It is fitting that such a clear, concise and 
stimulating volume should appear from the National Institute for Medical 
Research, Hampstead, which has been the site of so much endeavour in this 
field. The reader will not find in the contents list or the index of this book 
any mention of a recognised method of assay, or of any substance which is 
normally subjected to assay — such topics are adequately treated elsewhere — 
but he or she will find in these pages a readable, understandable and thought- 
provoking account of the principles underlying the choice and arrangement 
of experimental designs which may be expected to yield the optimum quantity 
of useful information, and of the statistical methods of analysing that infor- 
mation so as to extract the demonstrable truth from it. This is a book for 
the advanced student of biological assay methods, for the teacher, research 
worker, and planner of laboratory procedures. If one may plagiarise Lord 
Kelvin’s dictum that “ mathematics is like a mill, one cannot take out more 
than one has put in ” this book should stimulate workers so. to design their 
investigations that more is “ put in ” and therefore one may reasonably hope 
that more may be “taken out.” Common fallacies in procedure are 
emphasised and undoubtedly any worker who reads and digests this volume 
will benefit greatly. This may be termed a book of statistics “with a 
difference.” j. d. p, Graham. 


LA CHIMIE DES VITAMINES ET DES HORMONES, by Joseph 
Sivadjian. Vol. 1. Pp. 479 and Index. Gauthier-Villars, Paris (6'), 1949. 

The third edition of this book is published in two parts, the first being 
devoted to Vitamins and the second to Hormones. The writing of Part I 
was completed in June, 1946, but owing to difficulties in publication (at least 
as great in France as elsewhere), it has only just appeared (1949). It cannot 
therefore contain accounts of work published since 1946; e.g., the synthesis 

On the other hand, the chemistry of vitamins E, K, C, riboflavine aneurine 

501 



BOOK REVIEWS 


inositol whose vitamin-like functions have been recognised since their 
chemical nature became weU known, are not discussed. Each chapter is a 
compilation of published information on the vitamin concerned from the 
time its existence was first recognised up to the time of writing. Much of 
this is interesting from an historical point of view; e.g., Rosenheim’s first use 
of arsenic trichloride as a colour test for vitamin A, but there is a complete 
lack of discrimination between good and bad methods. All the “ Units ” of 
vitamin A which have ever been used are given and their relationships one 
with another as claimed by various workers, but there is no indication of 
the fact that most of these relationships do not (in fact cannot) hold, and a 
good opportunity of explaining why this is so has been missed. For the 
discriminating reader this should be a valuable book of reference. 

K. H. Coward. 
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The asterisk (*) after the name of an article indicates that the information 
Zn ifderiyed from the makers' publications. Further informat, on regarding 
these articles may be obtained by application to the Editor. 

Asma-V\-driii« is a spray solution for use by oral or nasal inhalation. It 
contains aUopine methylnitrate 0-14 per cent, papaverine hydrocblonde 0-88 
per cent., pituitary extraa 0-75 per cent, chlorbutol OoO per cent., and 
adrenaline 0-55 per cent. It is indicated in the siTOptomatic tr^tment o£ 
asthma, emphysema and chronic bronchitis associated wth bronchial spasm. 

It is administered as an aerosol by means of an oro-nasal inhaler, the spray 
being inhaled for 1 or 2 minutes whenever an attack threatens or at the raset 
of an attack. It may be used every 2 or 3 hours, if necessa^', wthout 
producing toxic effects or habituation. The pH of the solvent is adjusted 
to avoid the production of irritation after prolonged use. The inhalaUon 
liquid is issued in bottles containing i, 1 and 4 fl. oz. S. L. w. 

Cetyl Pyridinimn Chloride. (iVeu- and Non-official Remedies, J. Amer. 
med. Ass', 1948, 137, 701.) Cetyl pyridinium chloride is the monohydrate 
of the quaternary salt of pyridine and cetyl chloride, and contains not less 
than 97 per cent., and not more than 103 per cent., of CoiHssNCl, H;0; 
mol.nt. 357-99. It occurs as a white powdei; odour, slight: melting-range, 
77'C. to 83 'C. Very' soluble in water, alcohol and chloroform; only slightly 
soluble in ether and benzene. A 1 per cent, aqueous solution has pH 6 to 7 
when determined by indicators, but glass-electrodes give variable results. 
Surface tension of a 1 per cent aqueous solution at 25°C., about 10-40, and of 
a 10 per cent, solution 38-15. Vi^en dried to constant weight in vacuo over 
phosphorus pentoxide, loses not less than 4-5 per cent, and not more than 
5-5 per cent of its weight; ash, with reference to the sample dried to constant 
weight, not more than 0-2 per cent It gives the reactions characteristic of 
chlorides. On melting, it becomes brown and evolves the odour of pyridine. 
On adding 5 ml. of O-OIM pratassium ferricyanide to 5 ml., a yellow pre- 
cipitate is produced. 1 ml. of a saturated solution of potassium thiocyanate 
produces with 1 ml. a white gelatinous precipitate, and 1 ml. of a saturated 
solution of picric acid produces with 1 ml. a yellow precipitate. For the 
assay, dissolve 0-25 g., accurately weighed, in 5 ml. of a buffer solution con- 
taining 26 per cent of sodium acetate and 9 per cent of acetic acid, add 
50 ml. of 0-1 M potassium ferricyanide and make the solution up to 100 ml 
with water. Mix, allow to stand for 1 hour, and filter, rejecting the first 15 ml. 
of filtrate. To 50 ml. of the remaining filtrate, add 5 ml. of a 10 per cent 
solution of potassium iodide in water, and 10 ml. of hydrochloric 
acid; allow to stand for 1 minute. Add 10 ml. of a 10 per cent, solu- 
tion of zinc sulphate in water, and titrate with 0-01 N sodium thio- 
sulphate, using a starch test-solution near the end-point; each ml. of 0-01 H 
sodium thiosulphate is equivalent to 0-01074 g. of C,iH„NCLH,0 Cetyl 
pvTidmiurn chloride is a cationic detergent, possessing" antiseptic "as'weU as 
useful surface-active properties. It is incompatible with anionic determents 
T?? reduc^ in the presence of serum aad tissue luids! 

L. H. P, 


It is not reliable against clostridial spores. 


Dihjdroxy Aluminium .Aminoacetate. (AVu- and n 


is a basic aluminium salt of glycine containing small 
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hydroxide and glycine; C 2 He 04 NAl, mol. wt. 135'05. It is a white powder, 
odourless, taste slightly sweet; insoluble in water and in organic solvents, 
soluble in dilute mineral acids and fixed alkalis forming a cloudy solution 
which clears on heating. Loses, when dried to constant weight at 130°C. 
for 2 or 3 days, not more than 14-5 per cent, of its weight. A 4 per cent, 
w/v suspension in distilled water has />H 6‘5 to 7-5; a 0'8 p&r cent, w/v suspen- 
sion in 0-lN hydrochloric acid has pH above 3-0. On adding excess of 
ammonia solution to an acidified 4 per cent, w/v suspension, a white 
flocculent precipitate, insoluble in excess of ammonia but soluble in sodium 
hydroxide solution, is produced. On adding one drop of liquefied phenol 
and 5 ml. of sodium hypochlorite solution to 10 ml. of a similar acidified 
suspension, a blue colour, characteristic of aminoacetic acid, is produced. 
The compound must be free from heavy metals and from mercury; when a 
5 per cent, suspension in 0-IN potassium permanganate acidified with con- 
centrated sulphuric acid is refluxed for 30 minutes, the distillate must be free 
from acetone. At room-temperature 1 g. neutralises in 10 minutes not less 
than 125 ml. and not more than 175 ml. of 0-lN hydrochloric acid, using 
bromophenol blue solution as indicator. Dihydroxy aluminum aminoacetate 
eontains not less than 9-8 per cent, and not more than 10-8 per cent, of 
nitrogen, when determined by the semi-micro Kjeldahl method of the U.S.P., 
and not less than 34-9 per cent, and not more than 38-7 per cent, of Al-Os, 
when determined by a method depending on ignition with acid, solution of 
the aluminium salts formed, precipitation of the hydroxide and ignition to 
form the oxide. i. h. p. 

Disprin* tablets contain 5 gr. of acetylsalicylic acid with the requisite 
calcium base to form, in water, 6 gr. of calcium aspirin. The tablets have 
the advantage over ordinary calcium aspirin tablets that the calcium aspirin 
is not formed until the tablets are dissolved in water, that is, until it is 
actually required for use. The tablets are therefore much more stable, less 
liable to contain free salicylic acid, and less liable to cause gastric irritation 
than calcium aspirin tablets. Disprin tablets are used for the same purposes 
as aspirin, the average adult dose being 2 tablets repeated four-hourly, s. l. w. 

Heptalgin* is 4 ; 4-diphenyl-6-morpholinoheptan-3-one hydrochloride, and 
is an analgesic with a potency about 6 times that of morphine, 20 times that 
of pethidine, and 3 times that of amidone, and having an acute toxicity in 
relation to analgesic potency much lower than any of these substances. Given 
orally it exerts its effect within 15 to 30 minutes, relief from pain lasting from 
3 to 4 hours; with parenteral administration the effect commences within 2 
or 3 minutes and lasts for 1 or 2 hours. It abolishes pain with little or no 
accompanying cortical depression. Apart from mild drowsiness following 
full dosage, it does not give rise to hypnotic effects, and it has only a slight 
depressant action on the respiratory centre. Early experience suggesU that 
addiction is improbable, and there is no evidence of development of 
tolerance. In a small proportion of cases it may cause transient giddiness, 
other minor side-effects are rare. In clinical trials, it has given relief from 
pain in fibrositis^ pleurisy, and coronary thrombosis; in the headache ot 
subarachnoid hEemorrhage; in gall-bladder and ureteric colic; in inoperable 
malignant growth; in sinusitis, toothache, and gastric ulcer. Dosage vanes 
from 10 to 30 mg. by mouth, the dose by subcutaneous or intramuscular 
injection being 10 mg. in 1 ml. Tablets containing 10 rag. are issued in 
bottles of 25 and 100, and ampoules containing 10 mg. ”■ 
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SCLERENCHYMA THE DIAGNOSIS AND ANALYSIS OF 

VEGETABLE POWDERS 

By T. E. Wallis. 

D.Sc., Ph.C., F.R.I.C., F.L.S. 

Curator of the Museum of The Pharmaceutical Society of Great Britain 
Introduction. 

ScLBRENCHYMA is the name given to any hard vegetable tissue other than 
vascular tissue. There are two types of sclerenchyma, viz-'.^ (a) 
parenchymatous sclerenchyma, the cells of which are termed sclereids or 
stone-ceUs, and (b) prosenchymatous sclerenchyma, the ceUs of which 
are termed fibres. Both sclereids and fibres have heavily thickened walls 
which are usually lignified; in a few plants, however, cellulosic scleren- 
chyma occurs, as in the endosperm of the date, Phcenix dactylifera Lmn., 
and in that of the corozo or vegetable ivory nut, Phytelephas macrocarpa 
Ruiz et Pav-, which are composed of sclereids, and in the pericycle of 
flax and hemp and the phloem of mezereon and slippery elm barks, in 
which the fibres are unlignified. The striking appearance and, when 
lignified, the strong sta inin g reactions of these cells render them easily 
identifiable and, since as long as a century ago, they have been regularly 
used as a means of identifying vegetable materials, such as tea (sclereids) 
and cinchona barks (fibres), (see Fig. 1 R and G). 

The identifications were based at first upon the form, abundance and 
manner of distribution of the sclerenchyma. Measurements were not 
usually given for sclereids and only rarely for fibres, allhou^ they were 
used for starches and blood-corpuscles and for materials hke lupulin and 
lycopodium which are composed of discrete particles. Towards the end 
of the nineteenth century measurements of the length and width of cells 
in sclerenchyma began to be made as a routine addition to the verbal 
descriptions. The dimensions given were used chiefly as a record of 
observed facts and also for the purpose of making drawings to scale. 
Greenish (1903) in his “Foods and Drugs” and Greenish and Collin 
(1901 to 1904) in their “ Anatomical Atlas” advocate and use measure- 
ments for starches, but only rarely for crystals of calcium oxalate, e.g., 
in rhubarb, squill, and orris, and very occasionally for the dimensions 
of cells; otherwise only vague statements such as “very large cells”, 
short hairs ”, “ small rosettes ”, etc., are made about dimensions. 
Tschirch and Oesterle (1890) introduced many measurements into their 
Anatomischer Atlas ” and, about the same date, measurements began 
to be used for the characterisation of certain drugs, such as the difierent 
cinchonas and for the exclusion of particular adulterants, such as cassia 
bark when substituted for ciimamon. Ludwig Koch in his atlas “ Die 
mikroskopische Analyse der Drogenpulver ” 1900-1908 made a still more 
systematic use of dimensions of ceils and carefully recorded the linear 
measurements of all the structures present in the powders and drags he 
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however, considered as criteria of purity, 
hey fail to exclude quite large percentages 
may be indecisive when attempting to 
a powdered drug. 



Fjg. 1. — ^Typical Sclereids and Fibres, all ^ 150. Sclereids of A. beaker-cell la>er 
of Pipe?' nigrum Linn., a, the same in section; B. hypodermal layer of Piper nigrum 
Linn.. C. Jiiniperus phamicca Linn.. D. Eugenia caryophyllus (Spreng.) Sprague; 
E. Strychnos mix vomica Linn., e,. section of trichome bases; C;. section of limb of 
trichome: F, Linttm usiiatissimum Linn., f. the same in section; N, Eletlaria 
cardamomum Maton var. mi/iusciiln Burkill, n. the same in section: O, 
Cinnaiuonum zeylanicum Nees; P. i'ihurnnm prunifoliiim Linn.; R. Camellia 
sinensis (Linn.) O.Ktze. pal. palisade cells; S. Rhaninits piirsliianits D.C.; C. Fibres 
of Cinchona sitcciriihra Pav.; H. Rhaninus ptirshianiis D.C.; K. Ciiinamoinitm 
zeylanicum Nees; I. Sassafras variifoiiitm (Salisb.) O. Kuntze; M. Qiatlaia 
saponaria Molina; g. h. k, 1, m transverse sections of the corresponding fibres. 


examined. These dimensions, 
are not very satisfactory, since t 
of adulterants an'd, moreover, 
establish merely the identity of 
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SCLERENCHYMA IN DIAGNOSIS OF POWDERS 

SCLEREIDS PER SQUARE MILLIMETRE. 

When the cells to be measured form a continuous layer one cell in 
thickness, it is possible to make an improvement upon si^le linear 
dimensions; tins is effected by counting the number of cells per sq.mm, 
of the layer. The values so obtained provide an automatic averagmg of 
the breadth and length of a very large number of cells, thus yieldmg data 
which can replace or supplement linear measurements, the ranges ot 
which frequently overlap so much as to give inconclusive results, when 
such measurements are used to differentiate between similar tissues 
derned from closely related plants. The improvement effected has been 
demonstrated for the sclerenchymatous layer of the testa of vanous types 



Fig 2— Outbne of cells m lypical fragments of sclerenchymatous layer of 
cardamom seeds ( y 175) 


of cardamom seeds (FairbaimO. The drawmgs in Figure 2 show how 
difficult it is to make distinctions by the measurements of the diameters 
of individual cells, but the correspondmg numencal values given beneath 
each piece of sclerenchyma are evidence of the much increased differentia- 
tion obtamed by their use. These quantities allow eight varieties of 
cardamoms to be arranged in four distmct groups and, by supplementing 
the counts with other histological characters, the individual varieties can 
all be distinguished both in the unground condition and in the form of 
powder (Fairbaum“). This method deserr'es consideration wherever it is 
applicable and, in addition to the results for cardamom seeds, values 
already exist for the sclerenchymatous beaker-cell layer of pepper, viz. 
1464 =r 200 beaker-cdls per sq.mm. (Wallis and Santra^) and for the 
epidermal sclerenchyma of nux vomica seeds, viz. 570 epidermal 
sclereids per sq.mm, (\^'alhs and Fairbaim-*). 


SCLEREIDS PER MILLIGRAMME 

Further advances in the use of sclerenchymatous tissues have been 
made by introducing the concept of mass into the values obtained. When 
this is done, it becomes possible, not only to identify the materials con- 
cerned. but also to assess the purity and to determine the proportions 
present in a given powder. Where the sclereids are isolated as in French 
sawn, Juniperus phanicea Linn., see Figure 1C (Fliick and Hallert) or 
arc loosely associated as in clove stalks, see Figure ID (Wallis and 
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Santra®), and in the hypodermal sclerenchyma of pepper, see Figure IB 
(Wallis and Santra') and in the pericycle of ipecacuanha stem (Lupton®), 
the number of sclereids per mg. is easily counted. This is done by using 
the lycopodium method (WaUis®) and staining the material with phloro- 
glucin and hydrochloric acid. The results for the materials quoted are 


as follows: — 

Materials Examined. Sclereids per mg. 

French savin 210 

Clove stalks 1,067 

Pepper (hypodermal sclereids) 4,585 

Black Pepper Husks (hypodermal sclereids) 13,230 

Mysore Cardamom seeds (beaker-ceUs) 9,154 

Black Pepper (beaker-cells) 1,500 

White Pepper (beaker-cells) 1,619 

White Pepper shells (beaker-ceUs) 10,783 

Ipecacuanha stem 33 


Measurement of Length per Milligramme 
Although the number of epidermal sclereids per mg. of nux vomica 
seeds has been determined by eareful manipulation and found to be 
288 per mg. (Wallis and Fairbaim^), this value cannot be used as a means 
of determining nux vomica in powder, because the trichomes obscure the 
outlines of the cell bases. Each epidermal sclereid is prolonged into a 
trichome, the limb of which is traversed longitudinally by several (average 
number 11) narrow hgnified strips varying in width from 3 to lOji, see 
Figure IE, Ci and Cj. In the powder of the seed the strips separate and 
become broken into small fragments, which have a very characteristic 
appearance and are easily recognised. It is preferable therefore and 
comparatively simple to determine the length per mg. of the fragments of 
lignified rib derived from the trichomes. For this purpose, the powdered 
nux vomica is mixed with lycopodium and stained with safranin and the 
lengths of the fragments of rib are measured by using a camera lucida 
In this way, it is found that there are, on the average, 184 cm. of rib 
per mg. of air-dry nux vomica (Wallis and Fairbaim^). 

All these values involving structural units per mg. can be used either 
to assess the purity of the material concerned or to determine the amount 
of any one of them in admixture with other substances. 

Measurements of Area 

Fibres in vegetable materials are more difBcult to count than sclereids, 
this is largely because of their length and the difhculty of deciding how 
many fibres are represented by the broken portions found in the powders. 
To obtain satisfactory results with powders of No. 85 fineness, work 
must, at present, be limited to those materials in which the fibres occur 
either isolated, as in sassafras bark, or are arranged in single rows, as 
in cinchona, cassia and cinnamon barks; fibres in bundles candot be 
successfully counted in a No. 85 powder. The difficulty of counUng the 
fragments present is best surmounted by finding the total area of fhe 
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fragments of fibres present; this is done by tracing the outlines of the 
fragments with a camera lucida and finding their area by cutting out the 
tracmgs and weighing them. In conjunction with the lycopodium method, 
the area of fibre per g. is determined. This procedure was ado^^ 
for the fibres of powdered cinnamon and powdered cassia barbs. The 
number of fibres in the phloem of cinnamon is considerably greater than m 
the phloem of cassia; moreover, the cork and cortex are removed from 
cinnamon, but not from cassia and this still further increases the diSer- 
ence between them. The fibres of cinnamon are somewhat more slender, 
but slightly longer than those of cassia, so that the area of the outlines 
of individual fibres in the two barks is not very different. The area of 
fibre-outline pet mg. which summates number, length and breadth is 
therefore markedly greater in cinnamon than in cassia. The values 
obtained (Saber^°) are: — 

Cinnamon 80 to 85 to 91 sq.cm, per g. 

Cassia 11 to 12 to 13 sq.cm, per g. 

For these two barks therefore the values are widely separated and can 
he used, not only to characterise the barks themselves, but also to deter- 
mine accurately the proportion of either in a mixture of the two or in 
compound powders. 

Area measurements are also used for sclereids which form a layer one 
cell thick, as in linseed (see Fig. 1 F) (Saber”) and in cardamom seeds, 
see Fig. 1 N, (Fairbaim^), the result bemg expressed as area of the layer 
per mg. The values found for these seeds are : — 

Linseed 28 to 32 to 35 sq. cm. per g. 

Cardamom (Mysore) 27 to 28-5 to 29-7 sq. cm. per g. 

These values can be used to determine the proportion of linseed in 
mixed cakes, etc., and of cardamom seeds in mixed spices and cpmponnd 
powders. 

Many aerial stems are strengthened to withstand lateral strains by a 
tubular development of sclerenchyma, often in the pericycle, sometimes 
in the inner layers of the cortex. The stem bases attached to the rhizomes 
of Valeriana officinalis Linn., show a well-developed cylinder of rectang- 
ular sclereids in the inner layer of the cortex and there are similar cells 
in the bases of the petioles of the same plant. It has been proposed to 
use these diagnostic elements to determine the proportion of stem and 
leaf-bases present in powdered valerian rhizome (Fliick and Haller=). 
The amount of these sclereids is measured in terms of their area obtained 
by multiplying together the length and breadth of the particles of sclereid 
layer seen in the powder. In this way 6 83 sq cm. of sclereid layer was 
found to be present in one gram of powdered stem and leaf base. Fluck 
and Haller suggest that the Swiss Pharmacopceia might introduce a 
standard for powdered valerian rhizome of not more than 0-35 sq cm of 

these sclereids per g., corresponding to just over 5 per cent, of stems in 
the drug. 

Three-Dimensional Masses of Cells 

are present in masses, which may be 
ent and approximately ovoid in shape, as in pimento or 
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Santra®), and in the hypodennal sclerenchyma of pepper, see Figure IB 
(Wallis and Santra'^) and in the pericycle of ipecacuanha stem (Lupton®), 
the number of sciereids per mg. is easily counted. This is done by using 
the lycopodium method (Wallis®) and staining the material with phloro- 
glucin and hydrochloric acid. The results for the materials quoted are 


as follows: — 

Materials Examined. Sciereids per mg. 

French savin 210 

Clove stalks 1,067 

Pepper (hypodermal sciereids) 4,585 

Black Pepper Husks (hypodermal sciereids) 13,230 

Mysore Cardamom seeds (beaker-ceUs) 9,154 

Black Pepper (beaker-cells) 1,500 

White Pepper (beaker-cells) 1,619 

White Pepper shells (beaker-cells) 10,783 

Ipecacuanha stem 33 


Measurement of Length per Milligramme 
Although the number of epidermal sciereids per mg. of nux vomica 
seeds has been determined by careful manipulation and found to be 
288 per mg. (Wallis and Fairbaim^), this value cannot be used as a means 
of determining nux vomica in powder, because the trichomes obscure the 
outlines of the cell bases. Each epidermal sclereid is prolonged into a 
trichome, the limb of which is traversed longitudinally by several (average 
number 11) narrow lignified strips varying in width from 3 to 10 |j, see 
Figure IE, ei and e 2 . In the powder of the seed the strips separate and 
become broken into small fragments, which have a very characteristic 
appearance and are easily recognised. It is preferable therefore and 
comparatively simple to determine the length per mg. of the fragments of 
lignified rib derived from the trichomes. For this purpose, the powdered 
nux vomica is mixed with lycopodium and stained with safranin and ^e 
lengths of the fragments of rib are measured by using a camera lucida 
In this way, it is found that there are, on the average, 184 cm. of nb 
per mg. of air-dry nux vomica (Wallis and FairbaimO- 
All these values involving structural units per mg. can be used either 
to assess the purity of the material concerned or to determine the amount 
of any one of them in admixture with other substances. 

Measurements of Area 

Fibres in vegetable materials are more difBcult to count than soLfoid^ 
this is largely because of their length and the difficulty of deciding o 
many fibres are represented by the broken portions found in the pow ers^ 
To obtain satisfactory results with powders of No. 85 fineness, wor 
must, at present, be limited to those materials in which the fibres occ 
either isolated, as in sassafras bark, or are arranged in single rows, 
in cinchona, cassia and cinnamon barks: fibres in bundles canno “ 
successfully counted in a No. 85 powder. The difficulty of counting 
fragments present is best surmounted by finding the ® 
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fragments of fibres present; this is done by tracing the outlmes of the 
fraanents xvith a camera lucida and finding their area by cuttmg the 
tracm<^s and weiahins them. In con}unction with the lycopodium method, 
the area of fibre per g. is determined. This procedure was adopted 
for the fibres of powdered cinnamon and powdered cassia barks. The 
number of fibres in the phloem of cinnamon is considerably greater than m 
the phloem of cassia; moreover, the cork and cortex are removed from 
cinnamon, but not from cassia and this still further increases the differ- 
ence betn'een them. The fibres of cinnamon are somewhat more slender, 
but slightly longer than those of cassia, so that the area of the outlines 
of individual fibres in the two barks is not very different. The area of 
fibre-outline per mg. which summates number, length and breadth is 
therefore markedly greater in cinnamon than in cassia. The values 
obtained (Saber^®) are; — 

Cinnamon 80 to 85 to 91 sq.cm, per g. 

Cassia 11 to 12 to 13 sq.cm, per g. 

For these two barks therefore the values are widely separated and can 
be used, not only to characterise the barks themselves, but also to deter- 
mine accurately the proportion of either in a mixture of the two or in 
compound powders. 

Area measurements are also used for sclereids which form a layer one 
cell thick, as in linseed (see Fig. 1 F) (Saber“) and in cardamom seeds, 
see Fig. 1 N, (Fairbaun^), the result being expressed as area of the layer 
per mg. The values found for these seeds are; — 

Linseed 28 to 32 to 35 sq. cm. per g. 

Cardamom (Mysore) 27 to 28'5 to 29-7 sq. cm. per g. 

These values can be used to determine the proportion of linseed in 
mixed cakes, etc., and of cardamom seeds in mixed spices and cpmpound 
powders. 

Many aerial stems are strengthened to withstand lateral strains by a 
mbular development of sclerenchyma, often in the pericycle, sometimes 
in the inner layers of the cortex. The stem bases attached to the rhizomes 
of Valeriana officinalis Linn., show a well-developed cylinder of rectang- 
ular sclereids in the inner layer of the cortex and there are simtiar cells 
in the bases of the petioles of the same plant. It has been proposed to 
use these diagnostic elements to determine the proportion of stem and 
leaf-bases present in powdered valerian rhizome (Fliick and Haller=). 
The amount of these sclereids is measured in terms of their area obtained 
by multiphdng together the length and breadth of the particles of sclereid 
layer seen in the powder. In this way 6 83 sq.cm, of sclereid layer was 
found to be present in one gram of powdered stem and leaf base. Fluck 
suggest that the Swiss Pharmacopoeia miaht introduce a 
standard for pondered valerian rhizome of not more than 0-35 sq cm of 
these sclereids per g., corresponding to just over 5 per cent of stems in 


Three-Dimessional Masses of Cells 
In many substances, sclereids are present in masses which mav V., 
limited m extent and approximately ovoid in shape, as in pimentl oi 
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they may form a dense tissue, as in olive stones. These groups and tissues 
occur in the powder as three-dimensional particles and it is impossible to 
count accurately the individual cells in these particles. This difficulty 
can be overcome either by breaking down the particles into individual 
cells or by finding some method of calculating the number of cells from 
the number visible on the upper surfaces of the masses. For breaking 
down the particles, the oxidising agent used is nitric acid; an important 
drawback to this method is that the removal of lignin by the oxidising 
agent modifies or destroys the staining reactions of the cells, thus making 
it more difficult to identify them in the operation of counting. In attempt- 
ing to devise a method for making calculations; it is evident that the 
shape of a mass built up of cells must depend to a large extent upon the 
shape of the constituent cells. If the cells are chiefly longer than wide, an 
ovoid mass might be expected, but if they are isodiametric, a subspherical 
mass would result. For both types of cell aggregate a count of cells along 
two axes at right angles would give a good estimate of the diameter of 
the sphere, when the mass is subspherical, or of an imaginary equivalent 
sphere, when the mass is more or less ovoid (see Fig. 3). Then using the 
formula for volume of a sphere, viz. |-r^ the number of cells is 
calculated. If a sufficient number of particles is used — about 12 to 20— 
the result of the calculation method agrees with that obtained by disin- 
tegration and, since calculation is more rapid and involves no change in 
staining reaction of the cells, it is to be preferred. Proceeding in this 
way it has been found (Wallis and Santra'-) that pimento contains 3546 
(±: 200) sclereids per mg. 

Powdered olive stones consist of a certain number of individual cells 
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and broken pieces as well as particles of various shapes coiisistmg of 
masses of sclereids. The couitting of the separated individual sclereids 
presents no special difficulty, but the particles consisting of masses of 
cells are much more irregular than the ovoid groups found m punento. 
When, however, the same convention of an equivalent sphere is applied 
to them, it was found that, if at least 12 particles are used, the nuinber of 
sclereids obtained by calculation agrees with the number found by dis- 
integration. A standard value for olive stones was thus determined, viz : 
35,540 (±900) sclereids per mg. (Wallis and Santra"). This value has 
been successfully applied for the determination of powdered olive stones 
added to pepper. 


Quantitative Distribution of Tissues 

By utilising the number of sclereids per mg. of black and white pepper 
and of the various products (see above) obtained commercially in the 
grinding of pepper, it has been possible to obtain a quantitative measure 
of the distribution of the tissues in the fruit of Piper nigrum Linn. The 
values thus established can be used to assess the proportions of the 
different parts of the fruit, which should be present in commercial pro- 
ducts obtained from peppercorns (Wallis and Santra*). The quantita- 
tive distribution of the tissues in black pepper berries and their products 


is as follows; — 

Black pepper shell in pepper fruit . .. 34-6 per cent. 
White pepper shell in pepper fruit . . 13 ’9 per cent. 

Perisperm in pepper fruit 51-5 per cent. 

White pepper shell in white pepper . ... 14-3 per cent. 

Perisperm in white pepper (by difference) 85-7 per cent. 


Reliability of the Numerical Values 

Justification for accepting, as reliable and satisfactory, the general 
method of working by the use of lycopodium has been provided in con- 
nection with many of the experiments. This has been done by making a 
duplicate and independent determination of the result by a method which 
did not involve the use of lycopodium. For several commodities the 
required value can be found by the use of calculations based upon geo- 
metrical data derived from measurements of the area or volume or some 
other character of the unground substance. Whenever this has been done, 
working with sclereids it has been used for linseed, nux vomica 
and pepper, the values obtained have always been in remarkably close 
agreement with those found by the lycopodium method applied to the 
powder of the same material. Although this type of independent check 
cannot be made for every powder, the fact that it has confirmed values 
or a number of materials to which it is applicable gives justification for 
aiming a similar accuracy for all the materials examined. In this 
vve' confidence in the results has been established so that 

nnwflo^a^ from results obtained from’ 

P dcred materials by other methods, the cause of disagreement must 


511 



T. E. WALLIS ■ 


be sought either ia some defect inherent in the* other method or in some 
difference in the actual substance examined. 

When determining the number of cells per sq,mm. of cardamon seeds 
the results from the first series of experiments showed a rather large 
variation, which was greater than was desirable and trials showed that 
altering the details of manipulation yielded no improvement. It there- 
fore appeared that the variations were probably due to variations in the 
number of pieces of sclerenchymatous layer used for each value obtained; 
these varied from 8 to 16 pieces selected at random from a powder of 
No. 85 fineness. Although a fairly precise estimate of the minimum 
number of pieces to be used could be made by considering the experi- 
mental figures obtained, it seemed desirable to obtain mathematical con- 
firmation of the validity of the deductions made from the experiments. 
It was, therefore, determined to examine statistically the effect of using 
different numbers of pieces of the sclerenchyma. For this purpose the 
mean of the individual results from each of 98 pieces was found and the 
standard deviation was determined. Curves were then constructed to 
represent the limits of error above and below the mean that could be 
obtained by using gradually increasing numbers of pieces of the 
sclerenchyma. Two' curves were constructed, one showing limits for 
errors in 67 per cent, of the counts and the other in 99 per cent, of the 
counts. In this way it was shown (Fairbaim’O that, when the number 
of pieces is about 36, the limits of error become fairly constant and for 
99 per cent, of the determinations the limit of error is ±8 per cent, and 
for 67 per cent, it is ±3 per cent. This statistical examination creates 
confidence in the experimental figures based on counts of 36 pieces; it 
also gives a reliable measure of the amount of variation to be expected 
and therefore assists in attributing a correct degree of specificity to the 
values obtained. 

Conclusion 

A review of these studies of sclereids and fibres, made during the last 
15 years, reveals the much extended information which can be gained 
by applying to them the concepts of number, length, area, volume and 
mass in addition to the simple observational concepts of form an 
location. Similar advances have been made in the study of other groups 
of tissues, but they cannot be discussed in this article. 
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A TITRATION METHOD FOR THE DETERMINATION OF 
PROCAINE IN PROCAINE PENICILLIN AND ITS OILY 

SUSPENSIONS 

By W. H. C. Shaw 
Received March 31, 1949 

The essential characteristics of procaine benzyl penicillin ( 
penis have been described by Salivar e/ alK It is a compo^d o 

one molecule each of procaine base and of ^Jeoretical com- 

with one molecule of water of ‘^D^stalbsation. Thus 

position is procaine 40-12 per cent., water 3 06 P ugnzvl ^nicillin 
potency 1008 1.U./mg., calculated on the basis of sodium benzyl p 

as 1667 I.U./mg. . . water- 

Procaine penicillin has been formulated for injection a a ,nan ^ 

dispersible powder and also as a sterile suspension 
the latter is at present the more commonly used and uorma ly 
300,000 units of penicillin combined with 120 mg. o P j ^ jjiono- 

ml. This preparation may also contain 2 per of aluminium m 

stearate as suspending agenP. The high ^ accurate method for 

procaine required the development of a rap . UQf], in the dry 
determining the procaine content of methods for the 

state and also when m oily suspension. .uj-ation of the base with 
determination of procaine include ^Joform or separation 

standard acid following either ^ U amounts^ A spectro- 

bydistillation=' and a colorimetric method for srn ocaine 

pLtometric method for the is S known, however. 

penicillin G has recently been described^ ^vmi 

fhat most primary and secondary in the Pharma- 

quantitatively with nitrous acid. Thi sulphonamides but 

ipmial assay process for te ^ 

has apparently not been apph d p invpsticate whether this 

The object of the work described here ° , procaine, particularly 

reaction could be applied to the . cJsfof penicillin required 

when in the forms already S^r^all a's possible and for 

that the amount used for ‘^^ch assay semi-micro scale, 

this reason attention was directed to testing on 

Experimental 

0, nrarion ol procaine ''“'SJ' JiVS S’ft 6o"c 
B.P. was recrystalhsed pentoxide. Moisture content 

■md finally in vacuo over phosphorus ^ I55-5°C. Found. 

C* ’ — — — — — — Tt micro 

Cropper for the row 

fjiiotcd in this paper. 
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PROCAINE PENICILLIN 

CasH^oN^O^HCl requires C. 57 23; H. 7-76; N, 10-27; ionisable chlorine, 

12-99 per cent. ^ t ovt i j 

About 0-8 g. of the purified salt was dissolved in 15 nil. or 3IN hydro- 
chloric acid and the solution diluted to 150 ml. with distilled water. 
The solution was adjusted to 15”C. and titrated slowly (0-1 ml. at -a tone 
towards the end of the titration) with N/ 10 sodium nitrite solution. The 
end-point was taken when a drop of the titrated liquid gave an immediate 
blue colour on starch-iodide paper 2 minutes after the last addition of 
nitrite. 

A blank determination omitting the procaine was carried out and the 
litre deducted. The results of a series of these titrations are given in 
Table I. 

The determination was repeated on a semi-micro scale by dissolving 
about 0-1 g. of procain hydrochloride in 15 ml. of 3N hydrochloric acid 
and diluting to 50 ml. with water. After adjustment of temperature the 
solution was titrated as before with M/IO sodium nitrite added from a 
5 ml. microburette in 0 02 ml. quantities towards the end of the titra- 
tion. These results are also given in Table 1. 


TABLE I 


Titration of purified procaine hydrochloride with standard sodium nitrite 

SOLUTION 


Procame hjdrochlonde taVen 

N/10 sodium nitnle f 1 D05 

Procaine hydrochlonde 

g 

ntl 

per cent 

0 8009 

29 22 

99 93 

0 8547 

31 18 

99 91 

0 7525 

27 44 

99 88 

0 8055 

29 40 

99 95 

0 9033 

32 93 

99 86 

0 1104 

4 04 

100 2 

0 1238 

4 51 

99 8 

0 U6S 

4 28 

100 3 

0 1218 

4 45 

lOQ 0 

0 1203 

1 4 385 

99 S 


(II) Titration of procaine pemcillin. (a) Extraction of procaine front 
procaine hydrochloride. When the above semi-micro procedure was 
applied to procaine penicillin fictitiously high results were obtained, 
apparently due to reaction of penicillin with nitrous acid. This was 
^ confirmed by titrating a sample of crystalline sodium penicillin in dilute 
hydrochloric acid solution with N/ 10 sodium nitrite. Slow absorption of 
nitrous acid occurred and no definite end-point was obtainable. Separa- 
tion of procaine from penicillin was, therefore, necessary and an 
extraction technique was devised for this purpose. The procedure was 
first applied to procaine hydrochloride itself in order to check the 
efficiency of the extraction. The procaine hydrochloride used for this 
assayed 99 5 per cent, by the macro method given under (1), 

About 100 mg. of procaine hydrochloride, accurately weighed, was 
dissohed m 50 ml. of water and the solution transferred to a separating 
funnel. 5 ml. of M ammonium hydroxide was added and the solution 
extracted successively with 20, 5, 5, and 5 ml, quantities of chloro- 
orm. previously washed by thorough shaking with an equal volume of 
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water.* Completioii of extraction was checked by carrying out a fifth 
extraction with 5 ml. of chloroform, this being extracted -with dilute hydro- 
chloric acid and the acid solution tested for traces of procaine as described 
later. Each chloroform extract was run in turn into a 4 oz. wide-mouth 
glass stoppered bottle containing 35 ml. of water and 15 ml. of 3N hydro- 
chloric acid. After adjusting the temperature to 15 °C. the chloroform 
and acid layers were titrated with vigorous stirring with N/10 sodium 
nitrite solution in the manner described above until a reaction on starch- 
iodide paper was obtained. The stopper of the bottle was then inserted 
and the contents vigorously shaken for 30 seconds. After separation had 
occurred the titration of the aqueous layer was continued with stirring 
until an end-point reproducible after 2 minutes was obtained. 

It was observed that any delay between addition of ammonia and 
extraction with chloroform led to low results. Decomposition of pro-, 
caine in alkahne solution with the formation of p-aminobenzoic acid 
is well known® and this was thought to be the cause of the low results. To 
test this and to show that the presence of penicillin did not interfere with 
the extraction the following three separate procedures were adopted: — 
(i) Extraction after addition of ammom'a was delayed for a series of time 
intervals, (ii) 50 mg. of p-aminobenzoic acid was added before making 
alkaline, (iii) An approximately equimolecular proportion of crystalline 
sodium benzyl penicillin was added before making alkaline. The results 
obtained are given in Table II. 


TABLE II 

Results obtained using niE extraction procedure on procaine hydro- 
chloride 


Procaine 

hydrochloride 


mg. 

117-4 

120-4 

122- 5 
127-5 

123- 7 
122-1 


Crystalline 
sodium 
penicillin G 
added 


I5I 

158 

150* 


119-7 

122-9 


Delay in 
extraction 


None 


N/10 sodium 
nitrile 
(f. 0-994) 


ml. 

4-31 

4-44 

4-43 (f 1-009) 
4-61 (fl -009) 
4-545 
4-49 


Procaine 

hydrochloride 

(Mol. Wt. 272-6) 


per cent, 
99-5 
99-9 
99-4 
99-4 
99-6 
99-6 


ihr. 


I 4-36 

, 4-37 (r 1-009) 


98-7 

97-8 


123-2 

116-0 


I hr. 


4-33 (ri-009) 
. 4-14 


96-6 

96-7 


118-6 

115-1 


3 hrs. 


3-99 

3-86 


91-1 

90-9 


* 50 mg. of /i-aminobenzoic acid also included in this assay. 

(b) Extraction from procaine penicillin. Direct application of the 
method used in (a) was inapplicable to procaine penicillin on account 
its low solubility in water. About 280 mg. of procaine penicillin was 
therefore, dissolved by warming in 15 ml. of chloroform contai 

* Note • In the presence of chloroform B.P. slow absorption of nit rou^ and 
occu^eFin the bipk titration but this could be prevented by poor washing 
chloroform with distilled water. 
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a beaker and the solution poured into a separating funnel containing 
50 ml. of water. A further 5 ml. of chloroform and 5 ml. of M ammoma 
were used in turn to rinse the beaker, each being added to the separating 
funnel. Extraction and titration procedure were as described above. 

The sample* of procaine penicillin G used for this and replicate deter- 
minations assayed 1038 1.U./mg. {Staphylococcus aureus), 1016 1.U./mg. 
{Bacillus subtilis) water content (Fischer reagent) 3-4 per cent. 
Found; C. 59-15; H. 6-75 per cent.; N, 9-8; S, 5-31 per cent. 
C,9H3 sN. 06S,H20 requires C, 59-17; H. 6-85; N, 9-52J S, 5-45 per cent. 

As a check on possible interference by low potency penicdlin one 
assay where this was added is included in Table III. 

TABLE m 


Replicate DETERSHNA-noNS of procaine in procaine penicillin 


Weight taken 

N/10 soditim nitrite 
{ f. 1*006 

Procaine 

mg. 

■ 1 

per cent. 

290-0 

4*90 

40*1 

279*5 

i 4*71 

1 40-0 

292*1 

{ 4*91 

39-9 

281-5 

» 4*72 

39-S 

274-6 

4-60 

39-S 

2S3-1 

4-75S 

39-9 

291-6 

4-92 

40-a 

271-0 

4*54 

39-& 

280-2 

1 4-73 

40*0 

273-1 

4-57 

39-8 

282-2 

4-73 

39-8 

270-1 

4-54 

39-9 

290-1* 

4-86 

39-8 


* Sodium peniciliin 0-1 g. (potency 547 l.U./mg.) added. 


(Ill) Titration of Suspensions in Oil. 

Accurate weights of the procaine penicillin used in (II) (b) were con- 
verted into suspensions in oil, using ;-^i) 300,000 units in 1 ml. of arachis 
oil, (ii) as above, but with 2 per cent, of aluminium monostearate. 

The procaine in these preparations was determined using the same 
technique as that previously adopted for procaine penicillin itself. The 
results are given in Table IV. 

TABLE IV 


DEIERJUNA-nON OF PROCAIN-E IN PROCAINE PENICULIN WITH ADDED ARACHIS OH- AND 

ALln.nN-IUM MONOSTEARATE 


Procaine penicillin, taken 

N/10 sodium nitrite i 
, f. 1-006 ; 

I Ih-ocaine 

mg. 

With arachis oil . . ... ■" 

! oqI. 1 

t 4*89 

i 

per ccnu 

40-0 

39-9 

With arachis oil containing 2 per cent, vs/wf 284-1 ... ' 

aliiminiuni monostearate \28l*7 !*! 

4*78 

4-71 

1 39-9 

1 . 


The same procedure was then applied to several routine manufactured 
batches of procaine penicillin suspension in arachis oil (with and without 
aluminium monostearate). 


* I am indebted toMrDrHTGearri'fn^ThirTT^iTirTrj'I — TT — 

for the results o{ at! penicillin assays quoted. 
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These results are given in Table V. 


Replicate 

TABLE V 

DETERMINATIONS j^^^PEt^CU-LIN OILY SUSPENSION 

Sample 

A 

1 

1 Density at 20“ C. 

1 0-994 

I 

Penicillin potency 
I.U./ml. 

(lodimetric assay) 

295.000 

1 Replicate procaine 

determinations 
(calculated to Mol. Wi. 

' 256-1) 

1 

per cent. 

12-0 

12-0 

12-0 

12-0 

12-0 

B 

0-996 

303,000 

12-2 




12-1 



t 

12-2 

12-1 

c 

1 COI 

309.100 

12-6 



) 1 

12*6 




12-6 



i 1 

12-4 

D* 

1 -002 

i 304.600 ' 

12 4 



' 1 

12-3 



i 1 

12-3 


1 

1 . 1 

12-3 


* Containing 2 per cent, w'w of aluminium monostearate. 


Conclusions 

Results given in Table I show that procaine may be determined satis- 
factorily under macro and semi-micro conditions by direct titration in 
acid solution with standard sodium nitrite. 

By employing an extraction procedure, interference by penicillin may 
be eliminated with no loss of accuracy. The results in Table II show 
that extraction should follow immediately after addition of ammonia, 
otherwise, low results, due to decomposition of procaine, are obtained. 
For the same reason the chloroform extracts should be run directly into 
dilute acid. 

The presence of chloroform in the final solution for titration in no 
way affects the results, but the emulsion formed by stirring or shaking 
during titration should be allowed to separate before removing a drop 
of the aqueous layer for spotting on to starch-iodide paper. In the pre- 
sence of penicillin the first chloroform extract is normally turbid, but 
this has not been observed to affect the results. Vigorous shaking may 
produce emulsions that separate slowly and should, therefore, be avoided. 

Although with a suitable microburette the volume of titrant used 
may be read to 0-002 ml., experience has shown that the end-point 
cannot be estimated to better than 0-02 ml., corresponding to an error 
of about 0-5 per cent, on a volume of 4 to 5 ml. This is borne out by 
the results quoted in Table III. Whilst this error would be correspond- 
ingly reduced by taking a larger sample for assay, it was considered toler- 
able for routine application. 

It will be noted that starch-iodide papers have been used tliroughout 
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place o[ the starch iodide paste recommended in the 
moeia for use in the assay of sulphanilamide. Papers have been found 
uch more convenient, and they are reasonably stable if prepared and 
rred as described below. 

Recommendld Method 

)ecial Reagents. . . , 

(a) Chloroform. Wash chloroform B.P. by shaking thoroughly with 
L equal volume of distilled water. Allow complete separation to take 
ace and run off the chloroform for use. 

(b) Starch-iodide papers, (i) Dissolve 4 g. of cadmium iodide in 50 m - 
arm water. 

(ii) Make 5 g. of soluble starch into a thin smooth paste with a 
tie distilled water. Pour the suspension into 450 ml. of boiling distilled 
ater. Boil for 1 minute, add solution (i) and boil again for 1 minute, 
ool the solution to 70° to SOX. and impregnate strips of suitable 
Iter paper (e.g., embossed filter paper No. 633 made by Evans, Adland 
id Co., Postlip Mills) by immersion in the solution and then removing 
b much surplus liquid as possible by means of a glass rod. Dry the 
npregnated filter paper in a warm atmosphere free from fumes. Cut 
ff the edges of the strips and cut the remainder into strips for use. Store 
i a well-stoppered amber -coloured bottle. 


rocedure. 

Weigh accurately 0-27 to 0-29 g. of procame penicillin (or about 0-9 g. 
f procame peniciUin suspension m oil, 300,000 I.U./ral.) and dissolve in 
5 mi. of chloroform by warming. Pour the solution into a separating 
unnel containing 50 ml. of water. Rinse the beaker with 5 ml. of warm 
hlorofonn, then with 5 ml. of M ammonia, adding each in turn to the 
eparator. Shake the contents of the separator gently for 2 minutes. 
tUow to separate, ignoring a turbidity of the chloroform layer and run the 
ower layer into a 4-oz. wide-mouthed bottle (provided with a well-fitting 
topper) containing 35 ml. of water and 15 ml. of 3N hydrochloric acid. 

Extract with 3 further portions each of 5 ml. of chloroform, running 
ach in turn into the bottle. Adjust the temperature of the contents of 
he bottle to 15°C. and titrate with N/10 sodium nitrite with vigorous 
■tirring until a drop of the aqueous portion of the titrated solution yields 
in immediate blue colour when spotted on starch-iodide paper. Insert 
he stopper of the bottle and shake vigorously for 30 seconds. Allow 
•he layers to separate and complete the titration of the aqueous layer 
.vith gentle stirring. The end-point must be reproducible after allowing 
the titrated liquid to stand for two minutes after the last addition of 
nitrite, added 0 02 ml. at a time towards the end of the titration. Carry 
out a blank determination omitting the sample and deduct the titration 
figure. I ml. of N/10 sodium nitrite is equivalent to 0-02361 s of 
procame base. 


Note 1 : The extraction procedure described normally extracts the 
procame quantitatively, the following test for traces of procame mS 
however, be applied for confirmation. 
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Extract 5 ml. 'of chloroform solution with 4 ml. of water containing 
0-2 ml. of N/10 hydrochloric acid. Allow to separate, discard the 
chloroform layer, warm the aqueous layer gently to expel chloroform, 
cool and add 1 ml. of N/10 iodine. No turbidity should be produced. 

Note 2; Unless preparations of approximately known strength are 
being tested it is advisable to carry out a preliminary titration in order 
to establish the approximate end-point. 

Summary 

1. A semi-micro method for the determination of procaine in pro- 
caine-penicUlin and in its suspensions in arachis oil is given. 

2. The method is based upon extraction of procaine base with 
chloroform followed by acidification of the extract and titration with 
sodium nitrite solution. 

3. No interference has been encountered in the presence of low 
potency penicillin or aluminium monostearate. 

The author wishes to thank Mr. A. G. Fishbum and Mr. R. T. 
Parry-Jones for thejr interest and helpful criticism during this work. 

References 

1. Salivar, Hedger and Brown, J. Amer. chem. Soc., 1948, 70, 1287. 

2. Thomas, era/.. J. Amer. med. Ass., 1948, 137, 1517. 

3. Methods of Analysis. Assoc, of Agric. Chem., 1945, 697. 

4. Allport and Jones, Quart. J. Pharm. Pharmacol., 1942, 15, 242. 

5. St. John, J. Amer. pharm. Ass., Sci. Ed. 1948, 37, 343. 

'6. Bullock, Quart. J. Pharm. Pharmacol., 1938, 11, 407. 


520 



A NEW METHOD FOR MEASURING DIFFUSION OF 
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Although it is not yet possible to determine by laboratory tests the 
clinical ef&cacy of medicated ointments, methods have been suggested 
for the measurement in vitro of certain physical properties which may 
mSuence their therapeutic action. For instance, it has frequently been 
found useful to study the rate of liberation of active agent from base 
under standard conditions. It is realised that data so obtained cannot 
be related directly to release of drug in vivo but it may, nevertheless, 
serve as a guide to the suitability of bases for specific purposes. The 
information may also provide a check on possible incompatibility between 
drug and excipients. Attention has so far been directed chiefly to the 
study of the diffusion of water-soluble drugs, usually antiseptics, from 
various bases and two general methods of measurement have been 
evolved ; — (a) Measurement of zones of inhibition observed on inoculated 
agar following diffusion from a small cup^; (b) Estimation by chemical or 
other suitable methods, of the amount of drug which diffuses into water 
through a cellophane or similar membra^e*'^ 

Method (a) usually involves a minimum period of 24 hours contact 
between ointment and agar before any readings are made. It is thus 
not possible to compare different bases in respect of diffusion-rates over 
shorter periods of, say, 2 hours. There is also the drawback that it is 
not always easy to fill the cups completely and uniformly, as a result of 
which there may not be good agreement between duplicate experiments. 
In addition, the interpretation of results obtained by method (a) is very 
difficult, since not all antiseptics penetrate the agar gel in the same way. 
The antiseptic may — (1) diffuse m-a simple manner through the agar 
gel, in which case the concentration of antiseptic falls steadily as the dis- 
tance from the cup increases; (2) be weakly adsorbed on the agar, giving 
rise to a gradual fall in concentration of antiseptic from the cup outwards; 
the penetration of antiseptic is not, however, so extensive as in the first 
case; (3) be strongly adsorbed on the agar so that, from the cup outwards, 
there is a narrow zone of substantially constant antiseptic concentration 
followed by a rapid decrease to zero. Before conclusions can be drawn 
from any method involving transfusion into agar the precise nature of 
the process must be known. It is possible to compare different concen- 
trations of the same antiseptic (e.g. penicillin) once the diffusion 
mechanism is known; it is very difficult to compare different antiseptics 
which may have dissimilar diffusion mechanisms. 

Method W has the advantage of being adaptable to all water-soluble 
niqS’ bactenosffitic or not. but requires a rather elaborate tech- 
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The object of the work described here was to devise a simple tech- 
nique capable of detecting different rates of diffusion over shorter time 
intervals. It has resulted in the development of a test in which the active 
agent of an ointment diffuses through cellophane on to inoculated agar, 
and the minimum time of contact sufficient to cause inhibition of bacterial 
growth is recorded. 

Attempts were made to devise a method of applying an ointment to 
inoculated agar in such a manner that it would be removable easily and 
completely after any desired time-interval. After a number of preliminary 
tests the procedure described below as Method I was selected as the 
most satisfactory and was thereafter evaluated by : — (a) Confirmation of 
reproducibility, (b) Comparison against other methods, (c) Utilisation to 
distinguish between bases of different type. 

Method 1. 10 ml. of 'molten agar is poured into a petri dish and 

allowed to set. The plate is inverted in an incubator and dried for 2 
hours. On to the layer of agar is poured 5 ml. of molten agar containing 
1 ml. of a I in 10 broth dilution of a 24-hour broth culture of Staphylo- 
coccus aureus. Similar results are obtained if. instead of using two 
layers of agar, the culture is pipetted directly on to the surtace of alcohol- 
dried agar, but it is difficult to ensure an even spread of the culture and 
it may take several hours for the liquid to become absorbed into the agar. 
The first method of inoculation was therefore considered preferable since 
it results in a dry, evenly-contaminated surface. By means of sterile 
forceps, four 1 inch squares of sterile cellophane are placed on the 
surface of the agar and incubated for 45 minutes. The incubation causes 
the cellophane to spread evenly on the agar. To absorb moisture a disc 
of filter paper is trapped in the lid of the dish. The preparation to be 
tested is applied to the surface of the cellophane by means of an all 
glass hypodermic syringe without needle, so as to leave a border about 
1" wide on the cellophane. The plate is then returned to the incubator 
and pieces of cellophane with the adherent preparation under test, 
removed at suitable time-intervals. After incubation overnight the plates 
are examined for growth-inhibition which is indicated by a clear area of 
agar at the site of the cellophane square. The minimum time required 
to cause inhibition of growth is recorded. This period may vary from a 

TABLE I 

Diffusion or antiseftic from fhcnvlmcrcuric nitrate jelly 0 001 per 

CENT. AS determined BY CELLOPHANE METHOD 

} Period of contact bet'^een treated cellophane and agar 

Date I I ' 

Tested i j „„„ 5 mm^ 10 min*i , 15 mms 

15.1.4R - ^ ^ * 

16 1 .45 - -r 

20 1.4S - - 1 _ 

2‘\.1.4S ' 

27.1.4S - - V- ... 

-f:=completc clearance: - -partial cFcarancc ; - -no c/carancc- 

^22 
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few minutes to several hours and sighting experiments are therefore neces- 
sary when a preparation is tested for the first time. 

Reproducibility. The test was applied to a range of active agents in a 
variety of bases (see Appendix) and no difficulty was experienced in 
obtaining replicate results. This is illustrated by Table I, which records 
successive tests made on a dilute phenylmercuric nitrate jelly. 

Comparison with other methods. Although there may be objections to 
using variations of the agar cup method for evaluation of the diffusion of 
an antiseptic from ointment bases, there are no other methods available 
which are based on a biological technique. Accordingly, for comparison, 
it was decided to use three variations of the agar diffusion method, as 
detailed below. 

Method 2. A cylindrical hole 15 mm. m diameter is cut in an agar 
plate moculated as in Method 1, and a few drops of molten agar added, 
from a Pasteur pipette, to cover the glass surface so exposed. This hole is 
then filled with the preparation to be tested. The plate is incubated 
for 24 hours and the diameter of clearance measured. 

Method 3. This method is similar to Method 2, but the preparation 
is placed in a ditch 10 mm. x 40 mm. instead of in the cylindrical hole. 

Method 4. Four sterile glass cylinders of internal diameter 10 mm. 
and depth 13 mm. are filled with the preparation to be tested and placed 
on the surface of a poured inoculated agar plate. 

The results are recorded m Table II. 


TABLE n 


ANTISEmC ACTIVITY AS TESTED BY FOUR DIFFERENT METHODS 




Method 

Method Method 




1 1 

2 1 3 ! 

4 


Aaive agent 

Mim- 




time A\erage diameier or 
form- clearance of 4 tests 
hibition * 


Jelly 

, , , per cent 

[ crystal siolet 1 0 

1 sodium ethyl mcrcunthio- 

salicvlate 0 02 

minutes 

5 

mm 

20 

mm 

20 

* mm 
20 

JelH 

sulphamlamide 

1 

5 0 

5 i 

20 

18 

’ 10 

JelK 

(44- diamtdinodtphcnoxvprop- 
1 anc di-ChNdro\seihanesulphonate) 

j 

0 

10 

i 4 

4 

4 

Oil in-\s-aier emulsion 

1 potasstum hydrov* quinoline 

1 sulphate 
’ cnloroeresol 

0 2 

0 2 

15 

i 20 

f 

IS 

10 

Petroleum Unohn 

j benzoyl perotide 
t chlorohydroxy qumohna 

10 0 

0 5 

60 

10 

14 

4 

Srnplc ominTii 

phcnylmercunc nitrate 

0 001 

j 60 

7 

6 

4 

Gbrcnn V. 00 I fat 
soft raramn 

Resorcinol 

12 5 

hours 

2 

T 


i 

1 


Oil in tx-aicr cream damidvnodipheno^s-prop-ine 
d hydrocHlonde 
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A number of preparations when tested in the same way gave negative 
results by all four methods, i.e., no diffusion of active agent could be 
detected. These included Scarlet Red Ointment B.P.C., Ichthamol 
Ointment B.P.C., Coal Tar Ointment B.P.C., and Salicyh’c Acid Oint- 
ment B.P.C. It will be noticed that a certain parallel exists between the 
results obtained by Method 1 and those from the remaining three inas- 
much as increased times of contact usually correspond to decreased zones 
of i nh ibition, but Method 1 provides a much sharper distinction. 

Distinction between di^erent bases: Phenyhnercuric nitrate and neutral 
proflavine sulphate were formulated into a series of five different types 
of base and at different concentrations. The results of applying Method 1 
to these preparations are recorded in Table ITT 

TABLE ni 


Minimum time for inhibition of bacterial growth by various ointments when 

TESTED BY THE CELLOPHANE METHOD 


Active ingredient 

Fatty 

Base 

Water- 

in-oil 

Base 

Oil-in- 
water 
Base 1 

Oil-in- 
' water 
^ Base 2 

i 

Jelb 

Phenylmercuric nitrate 

Neutral proflavine’sulphate !!! 

per cent 
... 0-001 
... 0-002 
... 0-05 
... 0-1 
... 0-2 

60 mins. 
30 mins. 
24hrs. 

24 hrs. 

24 hrs. 

10 mins. 
10 mins. 
24 hrs. 

24 hrs. 

24 hrs. 

15 mins. 

4 mins. 

4 hrs. 

4 hrs. 

4 hrs. 

15 mins. 

4 mins. 
45 mins. 
25 mins. 
15 mins. 

2 mins. 

3 mins. 

30 mins. 

15 mins. 

5 mins. 


The results obtained with this test seem to indicate that, other factors 
being equal, a jelly type of base is superior to oil-in-water emulsions, 
which in turn are better than water-in-oil emulsions or fatty bases. In 
fact, for water-soluble antiseptics, it would seem that the oil phase is 
largely redundant, its purpose being solely to increase the consistency of 
the preparation so that it will remain at the site of application. This 
function can be fulfilled equally well with the jelly base which has the 
added advantage of being cheaper and easier to prepare. 


Discussion 

There will probably always be a wide gap between the clinical evalua- 
tion of an ointment and laboratory tests made in vitro. Nevertheless, 
pharmaceutical technique has advanced beyond the stage when an oint- 
ment was selected merely on account of its elegance. The latter prac- 
tice must have inevitably resulted in the formulating of many meffective 
preparations whose faults might have remained undetected for a long 

In the formulating of antiseptic preparations there is often available 
a series of ointment bases all equally suitable in stabiUty and aPPear* 
ance. The final choice should therefore take into account the ^pm' y 
with which the antiseptic is required to be released. It is suggested tn 
the test described above provides a convenient inethod of doing in s 
since it can be performed with standard apparatus 
hospital dispensaries and manufacturing laboratories. The test c 
be applied as a routine measure to control manufacture. 
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diffusion of antiseptics from ointment bases 


Summary 


1. A test is described, for measuring tbe release of antiseptics from 

ointments. , . 

2. The significance of the test is discussed and some apphcations 

susnested. 
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appekdix 


Materials 


Ointment Bases: 

Fatty Base; Simple Ointment B.P 

Water-in-oil Base; Hydrous Ointment B.P 

Oil-in-water Base 1; Active Agent a sufficient quantity 

Emulsifying Wax B.P 7 g. 

Hard Paraffin B.P 5 g. 

Liquid Paraffin B.P 40 g. 

Distilled Water, sufficient to pro- 
duce 100 g. 

Oil-in-water Base 2: Active Agent a sufficient quantity 

Castor Oil B.P 20 g. 

Cetyl Alcohol 6 g. 

Diethyleneglycol distearate 9 g. 

Polyglyceryl ricinoleate 5 g. 

'Emulsifying Agent (non-ionic) ... 3 g. 

Distilled Water, sufficient to pro- 
duce 100 g. 


♦ A condensation product of cetyl alcohol with ethylene oxide. 


Jelly; Active Agent a sufficient quantity 

Cellofas W.F.Z 6 g. 

Distilled Water, sufficient to pro- 
duce 100 g. 

Cellophane; Described as non-waterproof of 

0'0009 inch thickness 

Staphylococcus aureus: N.C.T.C. 4163 cent. 

Culture Medium: Sodium Chloride ^ O' 125 

Peptone pS 

Yeastrel 0'5 

Potassium dihydrogen phosphate 

(anhydrous) O'l 

Dipotassium hydrogen phosphate 

(anhydrous) O’l 

Dextrose 0'5 

Agar 2'0 

Distilled water (pH 7-2 to 7-Q to 

produce lOO 


525 



G. H. CLARK AND G. E. DAVIES 

A number of preparations when tested in the same way gave negative 
results by all four methods, i.e., no diffusion of active agent could he 
detected. These included Scarlet Red Ointment B.P.C., Ichthamol 
Ointment B.P.C., Coal Tar Ointment B.P.C., and Salicylic Acid Oint- 
ment B.P.C. It wiU be noticed that a certain parallel exists between the 
results obtained by Method 1 and those from the remaining three inas- 
much as increased times of contact usually correspond to decreased zones 
of inhibition, but Method 1 provides a much sharper distinction. 

Distinction between different bases: Phenyhnercuric nitrate and neutral 
proflavine sulphate were formulated into a series of five different types 
of base and at different concentrations. The results of applying Method 1 
to these preparations are recorded in Table ITT . 


TABLE m 

Minimum time for inhibition of bacterial growth by various ointments when 

TESTED BY THE CELLOPHANE METHOD 


Active ingredient 

Fatty 

Base 

Water- 

in-oil 

Base 

Oil-in- 1 Oil-in- * 

water ' water i Jell)' 

Base 1 1 Base 2 i 

, per cent 

Phenylmercunc nitrate 0-001 

n „ 0-002 

Neutral proflavine sulphate 0-05 

*• 1* <•< ... 0* 1 
,, 0-2 

60 mins. 
30 mins. 
24 hrs, 

24 hrs. 

24 hrs. 

10 mins. 
10 mins. 
24 hrs. 

24 hrs. 

24 hrs. 

15 mins. 

4 mins. 

4 hrs. 

4 hrs. 

4 hrs. 

15 mins. 

4 mins. 
45 mins. 
25 mins. 
15 mins. 

2 nuns. 

3 m/ns. 

30 mins. 

15 mins. 

5 mins. 


The results obtained with this test seem to indicate that, other factors 
being equal, a jelly type of base is superior to oil-in-water emulsions, 
which in turn are better than water-in-oil emulsions or fatty bases. In 
fact, for water-soluble antiseptics, it would seem that the oil phase is 
largely redundant, its purpose being solely to increase the consistency of 
the preparation so that it will remain at the site of application. This 
function can be fulfilled equally well with the jelly base which has the 
added advantage of being cheaper and easier to prepare. 


Discussion 

There will probably always be a wide gap between the clinical evalua- 
tion of an ointment and laboratory tests made in vitro. Nevertheless, 
pharmaceutical technique has advanced beyond the stage when an oint 
ment was selected merely on account of its elegance. The latter prac- 
tice must have inevitably resulted in the formulating of many ineffective 
preparations whose faults might have remained undetected for a long 
time * 

In the formulating of antiseptic preparations there is often available 
a series of ointment bases all equally suitable in stabihty and appear- 
ance. The final choice should therefore take into account the rapiciuy 
with which the antiseptic is required to be released. It is surges ^ 
the test described above provides a convenient 
since it can be performed with standard apparatus available m m 
hospital dispensaries and manufacturing laboratories. e 
be applied as a routine measure to control manufacture. 


524 


DIFFUSION OF ANTISEPTICS FROM OINTMENT BASES 
StoOvURY 

1. A test is described for measuring the release of antiseptics from 
ointments. 

2. The significance of the test is discussed and some apphcations 
suggested. 

Refbrei^ces 

1. RueMe and Brewer, U.S. Dept. Agric. Circ., No. 198, 1931. 

2. Howard, New Engl. J. Med., 1945, 232, 698. 

3. Fuller, Hawking and Partridge, Quart. J. Pharm. Pharmacol., 1942, 15, 12/. 


APPENDIX 


Materials 

Ointment Bases: 

Fatty Base; Simple Ointment B.P 

Water-in-oil Base: Hydrous Ointment B.P 


Oil-in-water Base 1 : Active Agent a sufficient quantity 

Emulsifying Wax B.P 7 g. 

Hard Paraffin B.P 5 g. 

Liquid Paraffin B.P 40 g. 

Distilled Water, sufficient to pro- 
duce ... 100 g. 

Oil-in-water Base 2; Active Agent a sufficient quantity 

Castor Oil B.P 20 g. 

Cetyl Alcohol 6 g. 

Diethyleneglycol distearate 9 g. 

Polygiyceryl ricinoleate 5 g. 

♦Emulsifying Agent (non-ionic) ... 3 g. 

Distilled Water, sufficient to pro- 
duce 100 g. 


♦ A condensation product of cetyl alcohol with ethylene oxide. 


Jelly; 


Cellophane ; 

Staphylococcus aureus: 
Culture Medium; 


Active Agent 

Cellofas W.F.Z 

Distilled Water, sufficient to pro- 
duce 

a sufficient quantity 
6 g. 

100 g. 

Described as non-waterproof of 
0’0009 inch thickness 


N.C.T.C. 4163 

per cent 

0T25 

1-5 

n-s 

Sodium Chloride 

Peptone 

Yeastrel 


Potassium dihydrogen phosphate 

(anhydrous) q. 

Dipotassium hydrogen phosphate 

(anhydrous) a. 

Dextrose «. 

Agar 

Distilled water (pH 7-2 to7"«'to 

100 
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A number of preparations when tested in the same way gave negative 
results by all four methods, i.e., no diffusion of active agent could be 
detected. These included Scarlet Red Ointment B.P.C., Ichthamol 
Ointment B.P.C., Coal Tar Ointment B.P.C., and Salicylic Acid Oint- 
ment B.P.C. It win be noticed that a certain parallel exists between the 
results obtained by Method 1 and those from the remaining three inas- 
much as increased times of contact usually correspond to decreased zones 
of inhibition, but Method 1 provides a much sharper distinction. 

Distinction behveen different bases: Phenylmercuric nitrate and neutral 
proflavine sulphate were formulated into a series of five different types 
of base and at different concentrations. The results of applying Method 1 
to these preparations are recorded in Table III. 


TABLE m 

Minimum time for inhibition of bacterial growth by various ointments when 

TESTED BY THE CELLOPHANE METHOD 


Active ingredient 


Fatty 

Base 

Water- 

in-oil 

Base 

Oil-in- 
water 
Base 1 

\ Oil-in- 
water 

I Base 2 

I 

Jelly 

Phenylmercuric nitrate 

per cent 
. 0-001 

60 mins. 

10 mins. 

15 mins. 

15 mins. 

2 mins. 

Neutral proflavine* sulphate 

0-002 

30 mins. 



4 mins. 

3 mins. 

0-05 

24hrs. 

24 hrs. 

4 hrs. 

45 mins. 

30 mins. 

»» »» t» 

0-1 

24hrs. 

24 hrs. 

4 hrs. 

25 mins. 

15 mins. 

*’ 

0-2 

24 hrs. 

24 hrs. 

4 hrs. 

15 mins. 

5 mins. 


The results obtained with this test seem to indicate that, other factors 
being equal, a jelly type of base is superior to oil-in-water emulsions, 
which in turn are better than water-in-oil emulsions or fatty bases. In 
fact, for water-soluble antiseptics, it would seem that the oil phase is 
largely redundant, its purpose being solely to increase the consistency of 
the preparation so that it will remain at the site of application. This 
function can be fulfilled equally well with the jelly base which has the 
added advantage of being cheaper and easier to prepare. 


Discussion 

There will probably always be a wide gap between the clinical evalua- 
tion of an ointment and laboratory tests made in vitro. Nevertheless, 
pharmaceutical technique has advanced beyond the stage when an oin 
ment was selected merely on account of its elegance. The latter prac 
tice must have inevitably resulted in the formulating of many me ec iv 
preparations whose faults might have remained undetected for a ong 

In the formulating of antiseptic preparations there 
a series of ointment bases all equally suitable in stability and ^1^ 
ance. The final choice should therefore take into account the rapici y 
with which the antiseptic is required to be released. It is 
the test described above provides a convenient method o - " 
since it can be performed with standard apparatus ^ 3 ] 50 , 

hospital dispensaries and manufacturing laboratories, me 
be applied as a routine measure to control manufacture. 
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BROMIN AXIOM OF p- AMINOSALICYLIC ACID 

The number of reactive positions R in the molecule of p-aminosalicylic 
icid, sodium p-aminosalicylate or ni-aminophenol was calculated from 

he formula R = ^ where E is the number of milli-equivalents 

50C 

of bromine absorbed, M is the molecular weight of the compound and C 
is the concentration of the test sample in g./l. 


Results and Discussion 

The results of a series of titrations on the three materials is set out in 
Tables I, n and HI. It appears that the materials examined bromina'te 
quantitatively under the conditions used and the reaction could be made 
the basis of an assay process. ■ 


TABLE 1 

The bromlnation of p-axonosalicylic acid 
(,ASSAY BY ALKALI TITRATION 99*74 PER CENT, \V/w) 
Concentration of solution 1*200 g./l. 


Bromine added 

Na ^*03 required • Bromine absorbed ‘ 

No. of reactive 

Percentage u/v. of 

mOli-cquiYalents 

rnilli-«qmvalcnts 

rralli.cquivaienu 

l_ 

positions found 

C,H.COOH.OH.NH, 

1*500 

330 

1 no 

2 99 

99-5 

2-000 

822 

1 ns 

3 01 

100*2 

. 2 000 

828 

1 172 

2 99 

99*7 

2 500 

1 320 

1 ISO 

3 01 

100*3 

2 500 

1 323 

1 177 

3 00 

100*1 

2 500 

1 323 

1 177 

3*00 

too 1 

2 500 

\ 325 

1 ns 

3 00 

99*9 

2 500 

1 324 

l 176 

3-00 

100*0 

2 500 

1 328 

1 172 

2 99 

99*7 

3 000 

1 828 

1 172 

2 99 

99*7 

3 500 

2 330 

I no 

2 99 

99*5 

3 500 

2 326 

1 174 

2 99 

99*8 

4 000 

2 822 

1 178 

3-01 

100*2 

5 000 

3 820 

1 180 

3 01 

100*3 


TABLE U 

The BROMINATION OF SODIUXl p'AMINOSALlCYLATE DlHYDRATE 
(CONTAINS 82-9 PER CENT, w/w OF CftH 3 COON.OH.NH.) 

Concentration of solution 1*600 gJl. 


Bromine added Na^,0» required Bromine absorbed ‘No, of reaxrtjve Percentaee u/u of 
mflli-equiN-alerns milli-equi\alcnis miUi-cqui\-aIcnU positions found QHjCOONaOH 'Si. 


1 500 

2 000 
2 500 

2 500 
I 000 

3 500 

4 000 

5 000 
5 000 


■»65 
866 
\ 360 
\ 365 

1 865 

2 360 
2 860 

3 867 
3 866 


1 135 
I 134 
I 140 
I 135 
I 135 
I 140 
1 140 
1 133 
1 134 


2 48 
2*48 
2 49 
2 48 
2-48 
2 49 
2 49 
2 48 
2 48 


82-8 
82*7 
83*2 
82 8 
82*8 
83 2 
83'2 


82-6 

82-7 


• -n,=or«.=>l fisun: <o thre bron..nc atoms .hen calculated for th= anhydrous 

The results on /n-aminophenol substantiate the results of Spruna' whi]( 
the results on p-aminosaheyhe acid and its sodium salt would annelr t 
agree with and TaggartV conclusions reaardina a number n 
salicylates. The analyses suaeest that thrpp Jr.,,,, “c numoer o 

absorbed per molecule of the Compounds studied Altb? 

of reaction is a matter for conjecture it is int.S' ‘^eir poin 
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THE BROMINATION OF jj-AMINOSALICYLIC ACID, SODIUM 
p-AMEVOSALICYLATE AND m-AMINOPHENOL 

By D. SlMMONITE 

From the Research Department, Herts. Pharmaceuticals Ltd. 

Received March 29, 1949. 

The quantitative bromination of phenols by acid .bromide/ bromate 
solution, first described by Koppeschaar' in 1876 is based upon the 
general assumption that aqueous nascent bromine will substitute quanti- 
tatively only in the ortho and para positions of phenols. The presence 
of certain groups other than hydrogen in these positions has been found 
to give anomalous results. Ruderman- showed that certain alkylated 
phenols brominate quantitatively regardless of the bromine excess used 
while others overbrominate to an extent which varies with the magnitude 
of the bromine excess. Day and Taggart^ found that Koppeschaar’s 
method was unsatisfactory for materials like o- and p-cresol but satisfac- 
tory for /n-cresol, phenol and a number of salicylates. Sprung'* found 
that phenols substituted in the meta position brominate quantitatively. 
The present paper was undertaken to study the behaviour of p-amino- 
salicylic acid and /n-aminophenol on bromination with the object of 
developing an assay method for these compounds. 

Experimental 

The p-aminosalicylic acid used was purified by two crystallisations 
from methyl alcohol. A melting-point is not quoted since the material 
is known to decompose on heating at temperatures over llO’C., the 
melting-point being variable according to the rate of heating\ The 
sodium p-aminosalicylate was purified by recrystallisation from hot 
90 per cent, aqueous alcohol. The product contained two molecules of 
water of crystallisation. The nz-aminophenol was recrystallised from 
boiling water; m.pt. 122° to 123°C. 

Procedure . — An accurately weighed quantity of the material was 
dissolved in distilled water using sufficient sodium hydroxide in the case 
of p-aminosalicylic acid and m-aminophenol to effect solution and made 
up to 1 1. A 25 ml. aliquot of the solution was transferred to a 
250 ml. iodine flask, to which were added varying volumes of N/JO 
potassium bromate /bromide solution, together with a volume of disiilieo 
water to ensure that the total volume of bromate /bromide solution and 
diluent water was 50 ml. 5 ml. of concentrated hydrochloric acid was 
then added, the flask was immediately stoppered and allowed to stan 
for 5 minutes, being shaken intermittently during this time. 5 ml. o a 
20 per cent, w/v scflution of potassium iodide was then added, the ties 
quickly stoppered and allowed to stand for a further 5 ininutcs. c 
stopper and sides of the flask were then washed down with water an 
the excess of iodine estimated by titration with N/10 sodium thiosulp a c. 
using starch solution as indicator. A blank was run using an aim 
25 ml. of distilled water in place of the test solution. 
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BROMINATION OF p-AMlNOSALICYLlC ACID 

The number of reactive positions R in the molecule of p-aminosalicylic 
acid, sodium p-aminosalicylate or /?j-aminophenol was calculated from 

the formula R = where E is the number of milli-equivalents 

of bromine absorbed, M is the molecular weight of the compound and C 
)s the concentration of the test sample in g./l. 


Results and Discussion 

The results of a series of titrations on the three materials is set out m 
Tables 1, 11 and III. It appears that the materials examined brominate 
quantitatively under the conditions used and the reaction could be made 
the basis of an assay process. ' 

TABLE 1 

The BRO^U^.^TlON OE P-AMINOSAUCYLIC aCvd 
(.assay by alkali TTTRATION 99 74 per cent. \v/\v) 
Concentration of solution 1 200 g./l. 


Bromine added 

Na.S.Oi required 1 Bromine absorbed 

No of reactive 

Percentage \v/\v of 

milli.equunlents 

milti<qm\alents 

milli-cquiN alems 

I 

positions found 

C,H,COOH.OH NH, 

1 500 

330 

\ — . 

1 170 

2 99 

99 5 

2 000 

822 

\ ns 

3 01 

100 2 

. 2 000 

828 

1 172 

2 99 

99 7 

2 500 

1 320 

\ 180 

3 01 

100 3 

2 500 

1 323 

1 177 

3 00 

100 I 

2 500 

1 323 

1 177 

3 00 

100 1 

2 500 

1 325 

1 17^ 

3 00 

99 9 

2 500 

1 324 

I 176 

3 00 

100 0 

2 500 

1 328 

1 172 

2 99 

99 7 

3 000 

1 828 

I 172 

2 99 

99 7 

3 500 

2 330 

1 no 

2 99 

99-5 

3 SOO 

2 326 

! 174 

2 99 

99 8 

4 000 

2 822 

1 178 

3 01 

100 2 

5 000 

3 820 

1 180 

3 01 

100 3 


TABLE U 

The BROMINATION Ot SODIUM p-AMlNOSALlCYLATE DIHYDRATE 
^CONTAINS 82 9 PER CENT \V/\V OF CgHaCOONsOH NH*) 

Concentration of soLimoN 3-600 g./l 


Bromtnc added NasS.O» required Bromine absorbed *No of reacUve PercentaRe of 
milU-equu-alents milh-cqunalents miUi-cqui\alcnis posiuons found C.HjCOONaOH Ml 


1 500 

2 000 
2 *^00 
2 500 

000 
y 500 

4 000 

5 000 
5 000 


36*^ 

1 13*^ 

866 

1 134 

1 *'60 

1 140 

1 365 

I 135 

1 86S 

1 135 

2 360 

1 140 

2 860 

1 140 

3 867 

1 133 

3 866 

1 134 


Z 48 
2 48 
2 49 
2 48 
2 48 
2 49 
2 49 
2 48 
2 48 


82 8 

82 7 

83 2 
82 8 
82 8 
83 2 
83 2 
82 6 
82 7 


. ThcorcUcAl ..sure ccu.^alcn, lo bromme atoms axhen caloxW^rihe salt. 

The results on in-ammophenol substantiate the results of Sprung^ while 
the results on p-ammosaheyhe acid and its sodium salt would appeir to 

S conclusions regarding a nuK of 

salicylates The analyses suggest that three atoms of hrl • ^ 

Although ,h™p„™ 



D. SIMMONITE 


brominates with loss of the carboxyl group and the formation of 2:4:6 
tribromphenol. 

From the present work it would appear that pure specimens of 
p-aminosalicylic acid and its sodium salt brominate quantitatively regard- 
less of the excess of bromine used. It is interesting to notice, however, 

TABLE lU 

The bromnation of w-amnophenol 
Concentration of solution 0 8000 g./l. 


Bromine added 
mjlb-equi\ alems 

Na-S^Oj required 
rmlli-equi\ alents 

Bromme absorbed 
miUi equivalents 

I No of reactne . 
tJOSitions found ^ 

Percentage \\/w of 
QHtOH NH, 

1-500 

403 

i 

, 1 097 

1' 

2 99 1 

99 7 

1-500 

-407 

1 093 

t 2 98 

99 3 

1 500 

405 

1 1 095 

2 98 

99 5 

1 500 

400 

, 1 100 j 

! 3 00 

99 9 

2 500 

1 1-394 

1 106 1 

3 15 

100 4 

3 000 

1 S96 

1 104 

3 01 

100 3 

3 000 

1 897 

1 103 

3 01 

100 2 

3 500 

2 400 

! 1 100 

3 00 

99 9 

3 500 

2-395 

I 1 105 

3 01 

100 4 

4 000 

2 910 

1 090 

2 97 

99 0 

4 000 

2-903 

1 097 

2 99 

99 7 

4 500 1 

3 398 

1*102 

3 00 

100 1 

5 000 1 

3 900 

1 100 

3 00 

99 9 

5 000 1 

3 890 

1 no* 

3 02 

100 8 

5 000 

3 895 

1*105 

3 01 

100 4 




that as mentioned in an earlier communication®, less pure material shows 
a slight variation in bromine absorption which does depend upon the 
available bromine. Accordingly, a direct bromination method using an 
external indicator has been suggested for assay purposes, although the 
present method is more convenient where the degree of purity of the 
material warrants its application. 


Summary 

1. The bromination of p-aminosalicylic acid, sodium p-aminosalicylate 
and 777-aminophenol has been studied using a variable excess of bromide/ 
bromate solution. 

2. p-Aminosalicylic acid, sodium /7-aminosalicylate and /iz-amino 
phenol brominate quantitatively regardless of the excess of bromide/ 
bromate solution used. 

3. The basis for an assay process for p-aminosalicylic acid, sodium 
p-aminosalicylate and m-aminophenol has been described. 

Thanks are expressed to the Directors of Herts Pharmaceuticals Limited 
for permission to publish these results. 
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Kheixik. Ci4Hi205 (2-methyl-5:8-dimethoxy'6:7-fv!xano-clitomone^'-) 
mpL 154° to 155°C.. the main active principle of the fruits of Ammi 
Visnaga Linn., is identified by the rose red colour which it gives with 
potassium or sodium hydroxide®. This test has been used as a spot 
reaction by Abdel-Rahman* for the determination of khellin in solutions. 
It makes use of the fact that one drop of khellin solution gives with solid 
sodium hydroxide a rose ted colour, only, if the quantity of khellin is not 
below a certain limit (1:505,000), which is the identification limit. 
Accordingly, 0 066 ug. of khellin can be detected in one drop, assuming 
that 1 ml. of the solution equals 30 drops. 

Applying this method quantitativel 3 ', a given test solution is progress- 
ively dilut^ with constant testing of drops taken from the various dilu- 
tions until the colour reaction faUs. The concentration of khellin in the 
original solution can then be calculated from the dilution required to 
reach tMs limit 

The repeated dilutions and testing of drops required by this procedure, 
are time consuming, and the results are only approximate, even if a special 
standardised dropper is used; this is because the “ identification limit ” is 
not the same for diSerent observ'ers; there is almost always a certain range 
of variation which depends on the individual characteristics of the 
observer. The range of dilution in which a test sometimes succeeds and 
sometimes fails is called by Feigl the “ region of uncertain reaction®,” and 
a quantitative estimation based on the examination for the failure of a 
test always extends into that region and therefore cannot be exact. 
Furthermore, even slight experimental errors become quite significant 
because the subsequent computation involves a multiplication. On 
applying this method, the results obtained by the authors varied to 
a great extent. In some determinations the results obtained were 40 to 
60 per cent, lower than the amount of khellin taken. 


The method of Anrep and co-workers® for assaying khellin, using 
a saturated solution of potassium hydroxide, is a modification of the 
above method. Its advantage lies in the fact that it makes use of 


controls, the colour given by the unknown being matched with that of a 
standard solution; but a saturated solution of potassium hydroxide is not 
a stable reagent as it easily absorbs carbon dioxide from the atmosphere 
leading to precipitation of potassium carbonate, the result beina a turbid 
soludon which interferes with correct comparison of colours By applv- 
ing this method on a photoelectric colorimeter, the authors found that 
the transmission values of the coloured solution are different for the same 
amounts ^kheUm, when examined under the same experimental con- 
diuons. This shows that this method is not reliable for the quantitative 
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estimation of khellin. In this communication, a photoelectric colori- 
metric method is described. This method has the advantage of being 
accurate, simple and suitable for the assay of pharmaceutical prepara- 
tions. 

The Photoelectric Colorimetric Method 

Khellin gives with sulphuric acid a citron yellow colour which is stable 
in relatively dilute solutions. This colour is due to the formation of an 
oxonium salt (khellin sulphate) which has been isolated by the authors in 
a pure crystalline form as golden yellow needles having the structural 
formula. 



The yellow colour of khellin sulphate is a property of the non-ionis^ 
salt. In presence of excess of water, khellin sulphate splits into khellin 
and sulphuric acid and the colour disappears as shown by the following 
equation : — 

K-fHjSO^r: KS 

where K and KS represent khellin and khellin sulphate respectively. 

This is a reversible reaction which follows the law of mass action. This 
equation in terms of concentration becomes ; 


(KS) 

(K). (H=SOd 


~ Constant. 


brackets being used to represent concentrations. 

If the concentration of sulphuric acid or of khellin is increased; the 
concentration of khellin sulphate increases proportionally; and as khellin 
sulphate is responsible for the citron yellow colour produced; the 
density of the solution will be proportional to the concentration of khel m 


and of sulphuric acid present in the solution. 

On keeping the concentration of sulphuric acid constant, the concen- 
tration of khellin sulphate and consequently the optical den.sity of t e 
solution will be proportional to the concentration of khellin. 


(KS) 

(K)' 


= constant or 


D 

(K) 


- constant. 


where D represents optical density. • the » 

This is true within certain limits of concentration, as shown in 
experimental part. 

Experimental 

Preparation of Khellin Sulphate. 10 g. of khellin is dissolved 
of glacial acetic acid in the cold: then 25 ml. of concentrate su p 
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acid is gradually added and the mixture is kept in the ice-chest for 24 
hours. 'iSO ml. of absolute alcohol is then added slowly to the mixture, 
stirred and again kept in the ice-chest for 1 week. The golden yellow 
crystals of khellin sulphate which separate, are filtered by suction, washed 
twice with ethyl acetate, and dried at room temperature. Yield, 9'5 g. 

(95 per cent.); m.pt. 175° to 185°C. . , u r 

The crystals when treated with water split into pure khellm, m.pt. 
154° to 155°C., and sulphuric acid. Acid released, 15-635 per cent, w/w 
of H^SO^. Khellin sulphate Ci 4 Hi~O 5 ) 2 ,H 2 S 04 requires 15-85 per cent, 
w/w. 


Relation Between the Concentration of Khellin, the 

Concentration of Sulphuric Acid and the Optical Density of 

THE Solution 

Solutions required : — 

(1) ION sulphuric acid (A.R.). 

(2) Standard stock solution of khellin (0-5 per cent. w/v). 0-5 g. of 
pure crystalline khellin, m.pt. 154° to i55°C. dissolved in 100 ml. of 
alcohol (60 per cent. v/v). 

(3) Standard dilute solution of khellin (0-025 per cent, w/v); freshly 
prepared by diluting 5 ml. of the standard stock solution to 100 ml. with 
distilled water. 

The relation between the concentrations of khellin and sulphuric acid 
and the optical density was determined at room temperature (25 °C.). 

The concentration of sulphuric acid in the solution is controlled by 
diluting known volumes of ION sulphuric acid with distilled water to a 
constant volume, and the optical density of the solution is calculated from 
the equation ". 

D = 2 log,„ T 


where D represents the optical density and T the percentage transmission 
of the solution. T is read directly on the scale of the colorimeter. Blue 
filter 420 is found to be the most suitable, as .it gives minimum trans- 
mission values and a better spread of readings. 

The following general procedure has been adopted. Into a volumetric 
flask of 50 ml. capacity, containing .x ml. of a standard solution of 
khellin, n ml. of ION sulphuric acid is added. The volume is then 
completed to 50 ml. with distilled water, well mixed, and left to stand 
for about 5 minutes; about 10 ml. of the solution is transferred to a 
colorimeter tube; and its percentage transmission is read in a Lumetron 
Photoelectric colorimeter Model 400-A using blue filter 420 against water 
as the blank set at 100 per cent, transmission, x == 1 ml. of the standard 
stock solution of khellin (0-5 per cent, w/v), representing a concentration 
of 10 mg. per cent w/v of khellin. or I, 2, 4, 8 and 10 ml of the 
standard dilute solution of khellin (0-025 per cent, w/v) representing con- 
of 05 . 14 and 5^. P«r „,v okUn reTpS: 
n - 10, 15. 20, 25. 30 and 40 ml. of 10 N sulphuric acid renrespnH^a 
concentrations of 98-08. 14-712, 19-616 24-52 79-474 Ld 3 q-rt 7 ^ 
cent, w/v of sulphuric arid respectively ^ 
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From the results obtained it may be concluded : — 

(a) For the same concentration of kheUin; the optical density of the 
solution increases with an increase in the concentration of sulphuric acid. 

(b) For the same concentration of sulphuric acid the optical density of 
the solution increases with an increase in the concentration of kheUin. 

(c) For concentrations up to 4 mg. per cent, w/v of kheUin the optical 
density is proportional to the concentration of kheUin provided that the 
concentration of the acid is more than 29424 per cent, w/v of sulphuric 
acid. 

(d) Transmission readings obtained with a concentration of 39-232 per 
cent, w/v of sulphuric acid are spread enough to aUow a determination 
of kheUin to be done within concentrations ranging from 0-5 to 10 mg. 
per cent, w/v of kheUin. 

(e) The graph shows that within the above concentrations (0-5 to 
10 mg. per cent, w/v of kheUin) there is a sUght deviation from Beer’s 
Law. Therefore, a cahbration table wUl replace more conveniently the 
graph and give more accurate results, when the cahbration table and the 
estimations are made at the same room temperature and under the same 
conditions. 


Calibration Table 

As a concentration of 39-232 per cent, w/v of sulphuric acid may be 
practicaUy obtained by mixing 10 ml. of ION sulphuric acid with 2-5 ml. 
of aqueous kheUin solution the following procedure has been adopted for 
the preparation of the cahbration table. 

From the standard stock solution of kheUin (0-5 per cent, w/v) are 
prepared standard dUutions so that 2-5 ml. of each dUution contain an 
amount of kheUin ranging from 0-05 to 1 mg. and increasing in the order 
of 0-05 mg.; 2-5 ml. of each dilution are accurately measured in a dry 
colorimeter tube; 10 ml. of ION sulphuric acid are added, well mixed, 
left to stand for about five minutes, then the percentage transmission of the 
solution is read, in a Lumetron Photoelectric colorimeter using blue filter 
420 against water as the blank set at 100 per cent, transmission. 

The results obtained at room temperature (25 °C.) are shown in Table I. 


TABLE I 

CALIBRA-nON TABLE 


Concentratjon 

of 

KheUin in mg. 
per cent. 


0- 4 
0-8 
1*2 

1 - 6 
2-0 
2*4 
2-8 
3*2 

3- 6 

4- 0 


Amount of 

Percentage 

KheUin in mg. 

Transmission 

0-05 

93*0 

0*10 

87-0 1 

015 

80*5 

0*20 

75*5 ' 

0-25 

71*0 1 

0-30 

65*0 

0-35 

61-0 ’ 

0*40 

57-0 , 

0*45 

54-0 1 

0*50 

51*0 1 


Concentration 

of 

KheUin in mg. j 
per cent. j 


Amount of 
KheUin in mg. 


4-4 

4- 8 

5- 2 

5- 6 

6 - 0 
6-4 
6-S 
7'2 
7'6 
8-0 


0-55 

0-60 

0-65 

0-70 

0-73 

0-80 

0*85 

0*90 

0- 95 

1 - 00 


Percentage 

Transmiision 


49-0 

47*0 

44-0 

41*0 

39*0 

37*5 

35*0 

33*0 

31*5 

30*0 
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Method of Assay 

(1) For the estimation of khellin in a test solution the following 
method is recommended. Make a dilution of the test solution so that 
2-5 ml contein an amount of khellin ranging between 0-05 and 1 mg. 
Accurately measure 2-5 ml. of this dUution into a dry colorimeter tube 
add 10 ml. of ION sulphuric acid; mix well; leave to stand for about 5 
minutes; measure the percentage transmission of the solution and read 
the amount of khellin conesponding to the percentage transmission from 
the calibration teble. The amount of khellin in the original test solution 
can then be obtained by calculation. 

(2) For the estimation of khellin in oily preparations the foUowmg 
method is recommended. Dilute a known volume of the oily preparation 
with light petroleum so that 10 ml. of this dilution contains an amount of 
khellin ranging between 1 and 8 mg. Accurately measure 10 ml. of this 
dilution in a dry separating funnel; add 100 ml. of 39-232 per cent, w/v 
of sulphuric acid (obtained by diluting 80 ml. of ION sulphuric acid 
to 100 ml. with distilled water); shake the mixture for about 15 minutes, 
then leave to stand for 15 minutes to separate. Filter about 15 ml. 
of the aqueous layer into a dry colorimeter tube; measure the percentage 
transmission of the solution and read the concentration of khellin corre- 
sponding to the percentage transmission from the calibration table. The 
figure obtained is the amount in mg. of khellin contained in 10 ml. of 
the diluted oil solution. 

Discussion 


It has been found experimentally that, on mixing at room temperature 
2-5 ml. of an aqueous solution of khellin with 10 ml. of ION sulphuric 
acid the optical density of the solution becomes stable after leaving the 
mixture to stand for about 5 minutes at room temperature; and it remains 
stable for more than 24 hours. 

On mixing the solution of sulphuric acid with the solution of khellin a 
rise of about 2°C., in the temperature and a contracrion in the volume 
of about 0-5 ml. per cent, of the solution takes place. The rise in tem- 
perature and the contraction in the volume of the solution within these 
limits do not aSect, to any appreciable extent, the optical density of the 
solution, i.e., a difference of about 2°C. in the temperature and a variation 
in the volume up to 0-5 ml. per cent, of the solution does not affect 
the optical density of the solution to any appreciable extent. On applying 
this method to accurately weighed amounts of pure khellin the result 
obtained did not differ by more than ±2 per cent. 

Visnagin, another constituent of the fruits of A} 77 mi Visnaga Linn 
may be present, as an impurity, in pharmaceutical preparations of khellin 
to an extent of about 5 to 10 per cent, of the weight of khellin present 
As visnagm gives with sulphuric acid a yellow colour which, when com- 
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khellin should be diluted with water before applying this method, so that 
the alcohol content of the coloured solution does not exceed 1 per 
cent. v/v. 


Summary 

(1) A photoelectric colorimetric method for the assay of khellin is 
described. 

(2) This method is recommended for the assay of pure khellin in 
pharmaceutical preparations. 

(3) The assay is carried out within the limits of OT to 1 mg. of khellin. 
Work is proceeding for the application of this method on galenical and 

other pharmaceutical preparations. The results will be compared with 
those obtained by the other colorimetric methods. 

The authors wish to express their thanks to the Memphis Chemical 
Co. for the help extended to them in carrying out this work and for the 
supply of pure khellin and instruments involved. 
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The -most important constituent of Ammi Vhmga fruits, as regaT 
pharmacological activity’, is khellin, CjjHnOs, m.pt. 153 to 155 
Khellin is a furano-chromone derivative with a pronounced antispasmoi 
action on smooth muscle viz. ; ureter, bronchial muscle, intestine and I 
ducF--. It has. moreover, a specific dilator action on the coron: 
arteries which makes it useful in the treatment of angina pectoris-. 

Besides khellin, the fruits contain two other constituents which h: 
been isolated in chemically pure form and their molecular r 
structural formula; established viz.; a glucoside, khehol-glucosic 
CisH^OsCfiH^O^.lH.O, m.pt. 175'C. and visiiaginh CtMxoO^, ra 
142° to 145'C., both of which ate also furano-chtomone derivatives. 1 
glucoside is devoid of the antispasmodic action of khellin while visna, 
has a much lower activity than khellim. The fruits contain about 1 ] 
cent, of pure khellin, 0 1 per cent of pure visnagin and 0-3 per cent, 
pure khellol-glucoside. 

Khellin is usually obtained from the powdered fruits by extract 
with ether or light petroleum, concentrating the extract and leaving i! 
cr>'stalhse; or alternatively the powdered fruits ate extracted with alcol 
the alcohol is distilled and the residue extracted with chloroform. A 
distillation of the chloroform, crude khellin is obtained. By b 
methods, khellin is extracted in association with visnagin; the duco: 
being insoluble in ether, in light petroleum anti in chloroform. Khe 
must be purified by several cry'stallisations from alcohol to free it fi 
impunties and from visnagin. Nowadays, a number of pharmaceut 
laboratories m Egypt prepare khellin on a semi-large scale. It is gener 
dispensed in the form of tablets or injectable solutions. 

Up to the present, no standard description of khellin has been gi 
In this communication, the description, solubilities, identification, pi 
test of khellin and the method of its assay in the above preparations 
described. 


Khellin {2-methyl-5 ; 8-dimethoxy-6 ; 7-furano-chrom 
Mol.Wt 260), occurs m colourless needle-shaped crv'stals, odourless 1 
bitter. It should contain not less than 99 per cent, of CiJHj.O,. 

Solubilities.—KheWm is very soluble in chloroform, less soluble in 
emer and m light petroleum, more soluble in the hot liquids. Solub 
alcohol (95 per cent.) in 6750 parts of wa 
a saturated aqueous solution of theophylline, am 
33 parts of a saturated solution of sodium benzoate It is sol 

Icfculficauon 7rvi.v.-(a) When one drop of 0-01 per cent w/v sole 
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khellin should be diluted with water before applyhig this method, so that 
the alcohol content of the coloured solution does not exceed 1 per 
cent. v/v. 


Summary 

(1) A photoelectric colorimetric method for the assay of khellin is 
described. 

(2) This method is recommended for the assay of pure khellin in 
pharmaceutical preparations. 

(3) The assay is carried out within the limits of OT to 1 mg. of khellin. 
Work is proceeding for the application of this method on galenical and 

other pharmaceutical preparations. The results will be compared with 
those obtained by the other colorimetric methods. 

The authors wish to express their thanks to the Memphis Chemical 
Co. for the help extended to them in carrying out this work and for the 
supply of pure khellin and instruments involved. 
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The most important constituent of Ammi Visnaga fruits, as ^gards 
pharmacological activity, is khellin, CnHioOs, m.pt. 153 to 
Khellin is a furano-chromone derivative with a pronounc^ antispasmodic 
action on smooth muscle viz. : ureter, bronchial muscle, intestine and bUe 
ducF’-. It has. moreover, a specific dilator action on the coronary' 
arteries which makes it useful in the treatment of angina pectoris . 

Besides khellin, the fruits contain two other constituents which have 
been isolated in chemically pure form and their molecular and 
structural formulte established viz.: a glucoside, khellol-glucoside®, 
Ci 3 H„ 05 C,iH„ 0 ,. 2 H, 0 . m.pt. 175X. and visnaginS CisH^oO^, m.pt. 
142° to 145°C., both of which are also furano-chromone derivatives. The 
glucoside is devoid of the antispasmodic action of khellin while visnagin 
has a much lower activity than khellin^ The fruits contain about 1 per 
cent, of pure khellin, OT per cent of pure visnagin and 0-3 per cent, of 
pure khellol'glucoside. 

Khellin is usually obtained from the powdered fruits by extracting 
with ether or light petroleum, concentrating the extract and leaving it to 
crystallise; or alternatively the powdered fruits are extracted with alcohol, 
the alcohol is distilled and the residue extracted with chloroform. After 
distillation of the chloroform, crude khellin is obtained. By both 
methods, khellin is extracted in association with visnagin; the glucoside 
being insoluble in ether, in light petroleum and in chloroform. Khellin 
must be purified by several crystallisations from alcohol to free it from 
impurities and from visnagin. Nowadays, a number of pharmaceutical 
laboratories in Egypt prepare khellin on a semi-large scale. It is generallv 
dispensed in the form of tablets or injectable solutions. 

Up to the present, no standard description of khellin has been given. 
In this communication, the description, solubilities, identification, purity- 
test of khellin and the method of its assay in the above preparations are 
described. 


Description . — -Khellin f2-methyI-5 ; 8-dimethoxy-6 : 7-furano-chromone, 
Mol.Wt. 260). occurs in colourless needle-shaped cry'stals. odourless, taste 
bitter. It should contain not less than 99 per cent, of 


Sotiihilities.—Khellm is very soluble in chloroform, less soluble in cold 
emw and in light petroleum, more soluble in the hot liquids. Soluble at 
alcohol (95 per cent.) in 6750 parts of water«. 
m 500 parts of a saturated aqueous solution of theophylline, and in 
parts of a saturated solution of sodium benzoate. It is soluble 

un£n?er^‘'‘' regained 


Identification Tcst.s.—{a) When one drop of 0 01 per cent w/v solution 
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in alcohol or in water is added to a piece of solid sodium or potassium 
hydroxide, a rose red colour is developed within 2 minutes"-®. 

(b) When a few crystals are treated with 1 drop of concentrated sul- 
phuric acid on a white porcelain plate, a deep orange colour is developed 
which on dilution with water becomes yellow®. 

(c) When a solution of 10 mg. in 2 ml. of alcohol (50 per cent.) is 
poured on a freshly prepared mixture of 0-5 ml. of N/2 iodine and 0-5 ml. 
of ION potassium hydroxide solution, a yellow colour is formed 
followed by a yellow precipitate, which redissolves gradually on shaking, 
imparting to the solution a wine red colour. 

Test for Purity. — ^m.pt. 153° to 155°C. 

Injection of Khellin 

In consequence of the greater solubility in water in presence of theo- 
phylline or sodium benzoate, solutions for injection in an aqueous 
medium containing one or both of these compounds are already to be 
found on the Egyptian market. 

Identification and Test for Purity. — ^Place in a separating funnel a 
volume of the injection equivalent to about 0-2 g. of khellin. Extract 
the khellin from this solution with three successive quantities, each of 
10 ml. of pure benzene. Evaporate the combined benzene extracts to 
dryness on a water-bath and dry the residue at 100°C. The residue 
should comply with the tests for khellin. 

Assay . — ^In solutions for injection, khellin may be assayed colorimetri- 
cally by the sulphuric acid method®. Dilute a volume of the solution 
equivalent to about OT g. of khellin with distilled water to 100 ml. 
Dilute 10 ml. of this dilution to 50 ml. Measure 2-5 of this dilution in a 
dry colorimeter tube, add 10 ml. of 10 N sulphuric acid, leave to stand for 
about 5 minutes and read the percentage transmission in a photoelectric 
colorimeter against water as the blank, set at 100 per cent, transmission 
using blue filter No. 420. Read the amount of khellin corresponding to 
the percentage transmission from a calibration table, prepared under the 
same conditions, using standard dilutions of pure khellin. The result 
obtained, multiplied by 200, gives the amount of khellin present in the 
original volume taken. 


Tablets of Khellin 

Identificatio?t and Test for Purity. — Triturate a quantity of the 
powdered tablets, equivalent to 0-2 g. of khellin, with two successive 
quantities, each of 10 ml., of chloroform. Filter, evaporate the chloro- 
form to dryness, on a water-bath, and dry the residue at 100 C. The 
residue should comply with the tests for kheUin. 

— ^Weigh and powder 20 tablets; treat an accurately weighed 
quantity of the powder, equivalent to about OT g. of khellin, on a dry 
filter with successive small quantities of hot alcohol (95 per cent.) until 
the khellin is completely extracted. Concentrate the alcoholic extract 
to about 15 ml. and transfer it to a volumetric flask of 100 ml. capacity 
washing the flask with two successive quantities, each of 5 ml., of alco o 
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[95 per cent) and make up to volume with distilled water. Dilute 10 ml. 

Df this solution to 50 ml. with distilled water. Carry out the assay, using 
1-5 ml. of this dilution, as described for injections. The result obtained, 
multiplied by 200, gives the amount of khellin in the original weight 
faken. 

' Discussion 

The determinadon of the melting point of the extracted khellin from 
injections and tablets is required as a test for purity. If the khellin 
used is contaminated with visnagin or with other impurities from the 
fruits, the product will begin to melt below 140°C. In such cases the 
,iresult of the assay may be reported as “total chromones of Ammi 
Vismga fruits calculated as kheliin.” 

In the extraction of khellin from injections, benzene is used instead of 
'chloroform, to avoid the extraction of any theophylline present, 

/ theophylline being insoluble in benzene. Theophylline and sodium ben- 
- zoate do not interfere with the method of assay. 

Summary 

(1) The characters and identification tests of khellin are described. 

(2) The standards of purity of khellin used in pharmaceutical prepara- 
tions is ^ven. 

(3) The method of assay of khellin in injections and tablets is described. 
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Introduction 

It has already been reported that various active principles are present 
in the fruit of Ammi Visnaga Linn, with different pharmacological actions 
OTd therapeutic idications^'®*^. At the time of isolation of these principles 
in 1930 in this Department, the literature found on the chemistry of 
this drug was by Ibrahim Mostapha- and T. Malosse^ The latter 
described three crystalline principles which he named visnagine o, 
visnagine p, and visnagine y. Ibrahim Mostapha described a crystalline 
principle which he named kheUin, and which was stated by Malosse 
(ioc. eft.) not to be identical with visnagine a, but was supposed to be 
formed during the process of extraction. In view of this and other 
anomalies (variation of m.pt., etc.) it was deemed preferable to give 
new names to the isolated compounds, names which are derived from 
the Latin and Arabic names of the drug — Ammi Visnaga and Khella 
respectively. 

Two compounds of the various principles isolated, namely visammin 
and the glycoside khellinin, are of great interest pharmacologically. 

Anrep et who recently worked on the active principles of 

Ammi Visnaga, refer to khellinin as khellol glycosides regardless of the 
fact that khellinin is not an alcohol, and that names of glycosides end 
in “ in.” The same authors refer to visammin as khellin. 

The value of Ammi Visnaga as an antispasmodic and as a coronary 
dilator was indicated by one of us as early as 1930®. In what concerns 
the action of visammin and of khellinin on the circulation, experi- 
mental animals being the toad, rabbit and dog, the following points 
were indicated, (a) Visammin^ in a concentration of 1 : 100,000 diminishes 
the amplitude of beat and slows the heart with no arrest. Stronger 
solutions (1 : 50,000 to 1 : 20,000) produce more evident slowing and a 
great diminution of the amplitude of beat. The diminished amplitude 
is relatively much more marked than the slowing, and is, to a gr^t 
extent, due to diminution of systole rather than of diastole. Atropine 
added to thejierfusion fluid produces no evident changes in the ampli- 
tude. The action is considered to be a direct depressant effect on the 
muscle fibres. Visammin is a systemic and coronary vasodilator. The 
intravenous injection of visammin produces an immediate fall of blood- 
pressure which returns to normal. Later it falls slightly below the 
normal and remains so for a long time. The first fall of blood-pressure 
occurs before and after atropine, but is more marked when no atropine 
is injected before injecting the drug. Similarly the fall of blood-pressure 
is more marked when the vagi are intact than when severed. Pre- 
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sumably, therefore, the initial fall of blood-presstne is mainly cardiac 
in origin and is due to the direct action of visammin on cardiac muscle 
and to cardiac inhibition through stimulation of the vagal centre. The 
intestinal volume shows an early shght decrease which may be explained 
as a secondary effect to the immediate action of the drug on the hea^ 
Soon, the splanchnic vessels dilate as evidenced by the increase in 
intestinal volume. The vasomotor centre appears to be stimulated as 
indicated by the return of blood-pressure to normal after the first fall 
nith a secondary diminution in intestinal %'olume, w’hile, lastly, the 
direct action of visammin on the muscle wall of the blood vessels over- 
shadows the stimulant effect on the vasomotor centre and results in a 
ffnal slight fail of blood-pressure vsith increase in intestinal volume, 
(b) Khellinin^’^ in a concentration of 1:100,000 increases the con- 
tractility of the cardiac muscle by producing a more complete systole 
and a more complete diastole with a corresponding increase in cardiac 
output It increases the coronary flow, and this increase is more pro- 
nounced if the coronary' vessels were first rendered in a state of partial 
spasm by barium chloride (1 : 40,000). The intravenous injection of the 
glycoside rrath the vagi intact slightly raises the blood-pressure with an 
increase in intestinal volume. The rise in blood-pressure is cardiac in 
origin. 

Recently Amep et and Kenavs'y and BaTSOum“’“ state that 

visammin is not a cardiac depressant, and that the administration in a 
heart-lung preparation of a dog of 100 mg. of the drug produces no 
change in the heart volume. The same authors record that the glycoside 
khellimn is not a cardiac stimulant and does not increase the coronary' 
flow, and is devoid completely of pharmacological activity. Neverthe- 
less, Bagouri’-, just recently, has admitted in his experiments that A'isam- 
min causes a diminution in the amplitude of the heart beat which is of 
a temporary' nature, and that khellinin produces a slight increase in the 
strength of heart beat with large doses of the glycoside. 

This being the case, we thought it worth while to record the follow- 
ing experimental results and observ'ations, in view of the fact that we 
have examined both principles in their crude forms and in their various 

stages of purity obtained during the processes of their final isolation 

results and obseivations which may throw light on these variations of 
results. 


Experimental 

(A) Intact animal: The dog was used in all experiments. Ansesthesia 
was maintained by the intravenous injection of 0-22 s of barbitone 
sodium per kg. supplemented by ether for the preliminary operative pro- 
cedure. Blood-pressure was measured from the femoral arterv'. Iifiec- 
tions were made in the femoral vein of the opposite side. In those 
experiments in which the ventricular beats were recorded, uniform arti- 

dipped a,ro»gh and ligamred ,o .ha anterior thoracic tvaii 
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A fine hook was applied to the tip of the left ventricle and connected to a 
recording lever. In some experiments the vagi were severed. We re- 
stricted ourselves to the injection of limited doses of visammin and 
of khellinin so as not to interfere with blood volume — the solubility of 
these principles in Ringer’s solution being, indeed, very limited — and 
we avoided the interference of solvents (alcohol or sodium benzoate for 
visammin and alcohol or pyridine for khellinin) and the use of controls. 

The injection of 3 to 4 mg. of pure visammin (m.pt. 153° to 154°C.) 
per kg. reduced the contractility of the ventricular muscle, producing 
principally a less complete systole. The diminution of the amplitude 
of beat was always evident, but was more marked when the vagi were 
intact (Fig. 1), and slowing of the rate of beat may later occur. The first 
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Fro. 1 (reduced). — Intact dog under barbitone sodium and uniform artificial respira- 
tion. The ventricular heart beats are recorded with the vagi intact. Intravenous 
injection of 4 mg. of visammin per kg. reduced the contractivity of the ventricular 
muscle producing principally a less complete systole. 

effect on blood-pressure was an initial fall followed by recovery with 
fluctuation — as previously reported the direct depressant acdon of visam- 
min on the heart and the vasodilatation by its direct action on the muscle 
wall of the blood vessels contribute to the lowering of blood-pressure, 
whereas the stimulant action of the drug on the vasomotor centre may 
overshadow this effect. 

On the other hand, the injection of 1 to T5 mg. of pure khellinin 
(m.pt. 175° to 176°C.) per kg, increased the contractility of the venwcular 
muscle producing a more complete systole and a more complete diastole. 
The increase in amplitude of the ventricular beats was always evident, but 
was more marked when the vagi were severed (Fig. 2), the rate of beat 
hardly changed though, relatively, slowing of the heart beat may 
with the vagi intact. The .glycoside in similar doses raised the blood 
pressure in the intact animal especially when the vagi \yere severe 
(Fig. 3). This eflfect is, however, in favour of increased cardiac 
the glycoside does not directly stimulate the vasomotor centre and has no 
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HEART TO VISAMMIN AND KHEULININ 



direct vasoconstricting 
action on blood vessels. 
The stimulant action of 
kltellinin on the heart 
is well exhibited in such 
small doses and is per- 
sistent and rather “se- 
lective” — the glycoside, 
as already described by 
one of us, has no appre- 
ciable action on other 
organs in even larger 
doses. 

(B) Toad’s heart per- 
fusion: Several experi- 
ments were carried out 
with various concentra- 
tions of visammin 

(1 : 10,000 to 1 ; 100,000) 
and of khellinin 

(1:20,000 to 1:200,000). 
All the results were de- 
pression with \’isainmin 
and stimulation with 
khellinin, with no cumu- 
lation. We record (Fig. 
4) a triple perfusion, 
first with Ringer’s solu- 
tion, then with visam- 
min (1:35,000 in Rin- 
ger’s solution) and lastly 
with the same solution 
of visammin in which 
khellinin is dissolved in 
the same concentration. 
Depression under vis- 
ammin is noticeable and 
the stimulant eSect of 
khellinin is illustrated. 
In fact this antagonism 
was referred to by one 
of us as early as 1932 
when it w’as recorded. 
“The cardiac depression 
caused by solutions of 
visammin is much more 
marked than equivalent 
concentrations of tinc- 
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ture of Ammi Visnaga the presence of khellinin in the tincture partly 
accounts for this.” 

Moreover, Figure 4 demonstrates a greater amphtude of heart beat 
with visammin and khellinin together than under normal Ringer’s solu- 


B.R 
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Fig. 3 (reduced).— Blood pressure of a dog under barbilone sodium. Vagi severed. 
Intravenous injection of 1 mg. of khellinin per kg. raised the blood-pressure. 


tion. Presumably, however, one may infer that in the same concentra- 
tion khellin is more a cardiac stimulant than visammin is a cardiac 
depressant. The perfusion of a strong solution (1 : 10,000) of visammin 
(Fig. 5) greatly diminished the degree of systole with arrest of the heart. 



J 


Fig. 4 (reduced). — ^Triple perfusion of a toad's heart, first with Ringer's solution 
then with visammin 1:35,000 and lastly with the same solution of visammin m 
which khellinin is dissolved in the same concentration. Depression of heart beat 
principally due to a less complete systole with visammin and recovery with 
stimulation under visammin and khellinin together are demonstrated. The 
amplitude of beat is greater under visammin and khellinin together than under 
Ringer's solution. Upstroke diastole. 

The continued perfusion of the same solution of visammin to which 
khellim’n was added to a concentration of 1 : 20,000 produced a fairly good 
recovery of the arrested heart with promotion of systole. 

Similar triple heart perfusion experiments were carried out using chloral 
hydrate, quinine hydrochloride or alcohol in suitable concentrations 
against the same concentration of each one of these drugs in which 
khellinin was dissolved (I : 25,000 to 1 : 50,000), depression of the heart 
beat was first established with subsequent stimulation in the presence 
of the glvcoside. 
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response of heart to VISAMMIN and KHELLININ 

(C) Isolated rabbit’s heart perfusion: The 
og heart was perfused by a modification of 
^ 5 Gunn’s method. Pressure of perfusion was 
kept at 100 to 120 mm. Hg. Outflow was 
o determined every 2 minutes and 5 readings 
2^2 were registered for each change of liquid. In 
^ f =1 all perfusions partial experimental spasm was 

^ g •-> mduced by the use of barium chloride and 

8 ? g for this a concentration of T.40,000 was main- 

tained throughout— barium chloride Locke’s 
solution was first prefused followed by the 
= Ic same solution of barium chloride containing 

S. 2 ^ either visammin (1:40,000) or khellinin 

(1:40,000) and lastly barium chloride 
Locke’s solution. Only 6 experiments were 
:§ “.f, carried out with the one concentration of 
visammin and similarly 6 experiments with 
“ khellinin giving respectively an average in- 
2 |.£ crease in coronary flow of about 200 and 300 

2 S g per cent. Owing to the limited number of 

experiments carried out and, moreover, on 
hj. one concentration only, no conclusion could 
be I be drawn as to their relative values in this 
.E^ >. respect. 

“•a'SJ Experiments on the intact animal and on 
2 .| 8 the isolated toad’s heart similar to those ^ 
- g T mentioned under (A) and (B) respectively but' 
<="^.5 using various crude samples — obtained from 
.goal the plant m various stages of impurity — of 
SS,- visammin and of khellinin gave variation and 
~<y.-| ambiguity of results. In many instances the 
^ = cardiac depression of visammin or the cardiac 
Sag stimulation of the glycoside was marked to a 
great extent. This, however, is very natural, 
2 Ammi Visnaga contains quite a number of 
I'f I active bodies. Products which differed from 
S the pure principles by a few degrees in m.pL 
§ S 5 gave quite appreciable differences in the 
jj response of the heart which is a fairly sensi- 
& 5 I tive organ to these bodies, 
iy I “ Ind^d, in addition to determination of 
^ o'! rn.pt., it would be wise to confirm the* purity 
3 c T materia] biologically by heart perfusion 
^ I E experiments. 

Summary 

'^|.5 1. Pure khellinin, m.pt. 175° to 176°C.. 

possesses a persistent, rather selective stimu- 
lant action on the heart producing a more 
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complete systole and a more complete diastole with a corresponding in- 
crease in cardiac output. It raises blood pressure. The glycoside is active 
and doses of 1 to 1 -5 mg. /kg. of dog by intravenous injection. It increases 
the coronary flow, and is non-cumulative. 

2. Pure visammin, m.pt. 153° to 154°C., depresses the heart, pro- 
ducing principally a less complete systole with diminished cardiac output. 
The drug is active in doses of 2 to 4 mg./kg. of dog -by intravenous 
injection. It increases the coronary flow. 

3. The impurities present in crude samples of khellinin or of visam- 
min influence to an appreciable degree the normal response of the heart 
to the pure products. 
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abstracts of papers published in 

OTHER JOURNALS 

CHEMISTRY 
ALKALOIDS 

Curare Alkaloids, Constitution oE dextro- 
Tubocurarine Chloride. H. King. (/. chem. 
Soc., 1948, 267.) rfexiroTubocurarine chloride, on 
0-ethylation, gave amorphous 0-ethyltubocurarine 
chloride which when submitted to a two-stage 
Hofmann degradation gave the nitrogen-free 
0-ethylbebeerilene identical in properties with the 
substance obtained from bebeerine. The same 
distribution of methoxy- and phenolic groups is 
therefore present in dex/rotubocurarine chloride 
and bebeerine; since their particular orientation 
is known in bebeerine, dexirotubocurarine chloride 
must have the structure shown. 

OMe R. E. S. 

ANALYTICAL 

Antihistarainic Drugs of the Thenyl Series, Identification of. T. J. Haley 

and G. L. Keenan. (/. ilmer. p/wrm. /4sr., Scf. Ed., 1949, 38, 85.) The 
optical crystallographic properties and physical constants of antihistaminic 
drugs of the thenyl series are recorded. Those studied were thenylene or 
histadyl (N;N'dimethyl-N-(2-pyridyl)-N-(2-theDyl)-ethylenediamine) and its 
halogenated derivatives, chlorothen (N ; N-dimethyl-N-C2-pyridyl-N-(5-chloro- 
2-thenyl)-ethylene diamine) and bromothen (N ; N-dimethyl-N-(2-pyridyl)-N- 
(5-bromo-2-thenyl)-ethylenediamine). A means for the identification and 
differentiation using 6 common alkaloidal colorimetric reagents is described. 
Tests were made by placing a drop of reagent on a microscope slide and 
adding about I mg. of the drug to it. Changes taking place were observed for 
about 30 minutes. The alkaloidal colorimetric reagents gave better results 
than three precipitation reagents also investigated but as the tests were 
almost identical for each of the thenyl compounds the optical crystallographic 
properties described offered the best means for their identification. 

G. R. K. 


MeO| 

HOI 


^MejQ 


O CH, 

A A 


\A 

I OH \ 

CH, O 

1 . / 

/\/\/ 
aMejN I t 


Barbiturates; . Xanthydrol as an Identification Reagent R. S. 
McCutcheon and E. M. Plein. (/. A.mer. pharm. Ass., Set. Ed., 
1949, 38, 24.) Xanthydrol may be prepared by treating an alcoholic solution 
of xanthone with sodium amalgam or by reducing xanthone with zinc dust, 
Xanthone may be prepared by refluxing phenyl salicylate and distilling the 
product at high temperature. Xanthyl derivatives of 18 barbiturates were 
obtained by reaction of the barbiturates with xanthydrol in glacial acetic 
acid. Pure white crystals with characteristic m.pts. were obtained for most 
dearly identifying these barbiturates. Two of the group of 20 studied were 
Vsubstituted barbiturate and did not react. The derivatives were dried to 
Dnv- r "'eight and analysed for nitrogen by the Kjeldahl-Gunning method 
Deviation of the percentages found from those calculated did not exceed 
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D-20 except for barbitone (calculated 5-15, found 4-86). M.pts. were deler 
mined by both the block and U.S.P. methods. The former checked consis- 
tently and were useful; rate of heating was 0-5°C. per minute. G.R. 

Paper Chromatography, Streaming Potential in. L. Rutter. 

1949 163, 487.) The net resultant flow of solvent through, the capil 
chapels of paper used in chromatography is in a Slkd 

point of feed, resulting in the setting up of paper 

wa'ter flowing through a washed and dried strip o N . 
showed a potential gradient of approximately 10 mV. per cm 
cent, thorium nitrate solution in place of water, the Potentml j [ 

almost to zero; 1 per cent, sodium chloride solution showed a potenti 

gradient of approximately 4 mV. per cm. The ° guch 

the nature of the electrodes used for measurement affect the 
potentials effect chromatographic development and 
ment of 0-01 ml. of 0-1 per cent, aqueous solution of a mixeu colour v 

Green 37113) with distilled water failed to 

moving with the solvent front, whereas development ^low bands, 

chloride solution achieved complete separation j\qpid over 

With either the strip or central feed technique streaming potentials of 
another in partition chromatography may result partition 

varying sign, of possible significance in considering mechanisms of F ^ 

separations. 

Paper partirion Chromatography, Deposifion and Simidtaneom 

tration of Dilute Solutions m. K. F. U r b a c h. i partition 

S” concemratlons <,( his,.™ ',Xid ,s 

chromatographic procedures, where reaction used as indicator 

were too low relative to the sensitivity of Ae cojo therefore 

in the development of the could be deposited without 

so that the entire 3 to 5 ml. of butyl ale Horizontal paper 

allowing excessive spreading of the solvent on The extract 

S were fixed over a hot plate and a controlled 

was then dropped on to the strip from a The total spread 

rate of 1 ml. per hour, at whwh rate the apparatus and 

of the spots is not more than 2 to 3 cm. D t solvents, such 

capillaries, together with dmgrams are „ similar manner, 

as ether, acetone, alcohol, dioxane f paper; solutions con- 

» ™u,ic ,cid ch„,.d ,h. P.P=, ■ 

moderate temperatures. m e r Jr. and 

StUbcestrol, Polarographic Studies of. L. E Bingen y jjyj 

1 P rhr stian. (/■ y4mer. pharm. Ass., p., .g 3 x lO'^ M 

Electrob-sis of solutions of stilbcestrol in °"ves^vhen the support- 

failed to give polarographic oxidation or re j^,cohal (30 per ecnl.) or 

ing electrolyte was N/ 10 suppressed the oxygen maxnun^ 

in N/10 potassium hydroxide. Stilbee t PP pr N/lOO 

in N/1000 potassium chloride solutions i , ^ the concentra- 

"cesium hydroxide. 

lion of slilboEStrol was as little as 10 >^olar , j .5,5 decreased the 
"omn..ioo was reduced ,o ' did oo, eo.n.er.e, .to> 

Size of the maxima and lowered the pH. buttering 
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effect but interfered, since the buffer exerted a suppressne action. Tabled 
of stilbcestrol were extracted by the U.S.P. method except that an e^a 
step was necessary to remove gelatin which interfered with the result. 1 h 
residue after removal of the ether was taken up m sodium hydroxide solu- 
tion. potassium chloride was added and the solution diluted to correspond 
to 0-4 X 10-= M stilbcestrol in N/lOO potassium chloride and N/1000 potas- 
sium hydroxide. Standards corresponding to the U.S.P. limits of 90 and 
110 per cent of the labelled strength were similarly prepared. When the 
solutions were saturated with oxygen and electrolysed, fte size of the 
maximum in the unknown solution was between those in the standard 
solutions. The main advantage of this method over the U.S.P. method is 
the saving of about 1 hour. tJ. r. k. 


Tragacanth Flake, Evaluation of. Report No. 2 of the Tragacanth Sub- 
Committee of the Analytical Methods Committee of the Society of Public 
Analysts. (Analyst. 1949, 74, 2.) The following recommendations are made: 
Viscosity — The flake is ground rapidly until all passes a No. 30 mesh sieve and 
a quantity of the powdered gum equivalent to the required weight of dry' gum 
is wetted with 5 ml. of 95 per cent, alcohol. Cold distilled water is then 
added quickly, the mixture is shaken, allowed to stand for 1 hour and is then 
heated in a boiling water bath, the determination being completed as described 
in Report No. 1 (Analyst, 1948, 73, 368; J. Pharm. Pharmacol, 1949, 1, 44.). 
Suspending Power — Owing to the variations in suspending power in gums of 
the same viscosity it is recommended that the purchaser should carry out a 
form of test using the concentration of tragacanth normally employed in his 
process and using all the materials that he desires to suspend. Ash — Direct 
ashing failed to give concordant results and, after preliminary treatment the 
sulphated ash (at about 850°C.) was chosen. Volatile acidity — ^The method 
used was described in " Methods of Analysis of the Association of OfiBcial 
Agricultural Chemists,” 6th Edition, 1945, p. 709. The detailed procedure 
necessary to obtain concordant results is given in each case. r. e. s. 


GLYCOSIDES, FERMENTS AND CARBOHYDRATES 

Di^talis Glycosides, Chemistry and Pharmacology of. E. W. 
M c C h e s n e y, F. C. N a c h o d, M. E. Auerbach and F. O. L a q u e r. 
(J. Amer. pharm. Ass.. Sci. Ed.. 1948, 37, 364.) Analytically pure samples 
of gitoxin, digitoxin and their aglucones have been prepared. Experiments 
on rats showed gitoxin to be only slightly less toxic than digitoxin. It is 
known that gitoxigenin gives a red colour with ferric chloride in the presence 
of strong sulphuric acid, the intensity' of the colour increasing rapidly up to 
5 minutes and then fading. Without the ferric chloride the red colour 
dcselops slowly', reaching a maximum in about 24 hours and remainina 
unchanged for several days. Digitoxigenin treated similarly gives a pale 
icmon-yellow colour which gradually deepens. The glycosides 'give similar 
colour reactions but the aglucones are much better adapted to colorimetric 
work, since with the glycosides there is admixed a brown colour resultins 
front the reaction of sulphuric acid on the digitoxose. The absomtion 
spectra of the aglucones in sulphuric acid were studied and their different 
behaviour wns found to provide the basis for an analvtical method whidi 
sues the proportion of digitoxin and gitoxin plus gitalin in a mixture. 

s. L. w. 
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ESSENTIAL OILS 

Ascaridol, Assay of; lodination of Teipenes, A. H a 1 p e r n. (/. Amer. 
phann. Ass., Sci. Ed., 1948, 37, 465.) The assay of ascaridol in oil of cheno- 
podium depends on the liberation of iodine from potassium iodide. The 
author shows that the major part of the iodine is released within the first 
minute; .this is followed by a slower steady release of iodine. In order to 
elucidate whether the olefinic linkage was responsible for this property an 
atternpt was made to iodinate several related unsaturated hydrocarbons under 
conditions similar to those of the assay process. No iodination of the olefinic 
linkage occurred, so that the atypical behaviour of ascaridol toward the 
iodide reagent cannot be explained on this basis. 

3 w. F. 


GUMS AND RESINS 

Sterculia setigera. Composition of the Gum of. E. L. Hi fst, L. Hough 
and J. K. N. Jones. {Nature. 1949, 163, 177.) The analysis of reducing 
sugars by means of paper partition chromatography yields inconclusive 
results for mixtures of sugars with very similar Rg values. The use of a 
column of powdered cellulose was found to afford a method for the separa- 
tion of sufficiently large amounts of the individual sugars to allow identifica- 
tion by the normal determination of physical constants; results are given 
from a study of the gum of Sterculia setigera. Partial hydrolysis of the gum 
gave a mixture of sugars and a degraded material containing the uronic 
acids. The uronic acid portion had properties corresponding to a tri- 
saccharide containing two D-galacturonic acid residues and a sugar residue, 
probably mainly L-rhamnose. The chief components of the non-acidic portion 
were D-galactose, L-rhamnose and a fcetose, which, from its properties, could 
be fructose, tagatose or sorbose. A column of powdered cellulose was used 
to separate the sugar mixture with a solution of n-butyl alcohol saturated with 
water as the mobile phase. Two fractions crystallised spontaneously yielding 
D-galactose and L-rhamnose hydrate; D-tagatose was obtained from an inter- 
mediate fraction after oxidation of the accompanying aldose to the aldonic 
acid, which was removed as the barium salt. The D-tagatose thus isolated 
was identical with the sugar prepared synthetically. In all, five fractions 
were obtained containing respectively: a ketose, probably a methyl pentose. 
L-rhamnose; an aldose and D-tagatose; an aldose, tagatose and D-galactose: 
and D-galactose; D-tagatose has not hitherto been reported as a constituent 
of any natural product. 


ORGANIC CHEMISTRY 

p-Aminobenzoic Acid and its Sodium Salt C. 

.ntoshkiw and M. R. Maicse. {Anal, chem., 1948, 20, yw 
3 dium p-aminobenzoate was purified by charcoal treatment and in 
jcrystallisations from aqueous solution. Purified p-ammobenzoic a . 
repared from the sodium salt by precipitation with hydrochloric a . 
’ashing and drying at 100°C., melted at 187° to 187-5 C. A j. 

■ the pH changes during titration of the deter- 

,e equivalence point of 7-85, pk^=4.65 is derived. For 
lination an indicator with a colour change between f".'’ /j^propv! 
litable. A characteristic absorption spectrum was obtained in p 
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alcohol, wave length maximum=288mu. EiS^“«-=1370. In water 
both p-aminobenzoic acid and its sodium salt show 
characteristic wave length, maximum = 266mfi, and Ej cm. ’ 

Beer’s law being obeyed in both isopropyl and aqueous solutions. A table 
is given of comparison of results obtained by the spectrophotometer, 
titration, and diazo methods, aU three being suggested for complete 
characterisation of pure p-aminobenzoic acid. R- E. s. 

2 -Amino-3-hydroxybenzoic Acid, Synthesis of. J. F. Nye and H. K.. 

Mitchell. (/. Amer. chein. Soc.. 1948, 70, 1847.) This substance was 
synthesised by two routes. In the first, 2-nitro-3-methoxybenzoic acid was 
reduced by catalytic hydrogenation to 2-aTnino-3-methoxybenzoic acid, 
followed by demethylation with hydriodic acid. The second method, 
involved oxidation of 8-methoxyquinoline to give 2-(N-methyl-N-formyl)- 
amino-3-methoxybenzoic acid; appropriate treatment with hydriodic acid 
gave 2-amino-3-hydtoxybenzoic acid m.pt. 254 to 255° C. (corr.). The com- 
pound of Keller {Arch. Pharm., 1908, 246, 1) reported as 2-amino-3-hydroxy- 
benzoic acid was in reality the 3-raethoxy derivative. Graphs of the ultra- 
violet absorption spectra of the 3-hydroxy and 3-methoxy derivatives are 
given. R- E. S 


Mercnrial Derivatives of Sulphanilamide. G. Rodighiero. (Ann. 
Chim. appl. Roma., 1949, 39, 27, 34.) In organic mercurial compounds the 
bond C-Hg usually shows greater resistance to reagents than the bond N-Hg 
and this influences the toxicity, antisyphilitic action and the uses in therapy 
and hygiene of these compounds. Mercurial derivatives of sulphanilamide 
are particularly interesting since they give the possibility of the mercury 
being linked to a carbon atom of the aromatic nucleus or to amino nitrogen 
or amido nitrogen. One molecule of sulphanilimide with 1 molecule of 
sodium hydroxide and 1 molecule of mercuric acetate gives (A) 
H2N.C6H<S02.NH.Hg0H. This is a white powder, decomposing on heating, 
insoluble in water, organic solvents and alkalis, but dissolving in hydrochloric 
acid to give the chloride (B) HCl.HjN.CcH^.SO^.NH.HgCl. T hic can be 
crystallised, has m.pt. 155° to 157°C. and is soluble in alcohol. These com- 
pounds have a notable antibacterial activity. The substance B dissolved in 
water and 0-5 to I molecule of sodium nitrite added at 0°C. gives (C) 
H0Hg.HNO2SCeH,.NH.=NC.cH,SO2NH.Hg0H. This is a yellow powder 
insoluble in water, organic solvents and alkalis, but dissolves in hydrochloric 
acid, the solution liberating nitrogen on warming. The substance A, dissolved 
in 4 or more molecules of hydrochloric acid gives on the addition of 1 mole- 
cule of sodium nitrate at 0°C. (D) H 2 N.SO,C 6 H^.N=NCl.HgCln. This is 
a white powder which can be crystallised from water; soluble in acetone 
and alcohol, insoluble in ether, benzene, and chloroform. It deflagrates on 
heating. One molecule of the substance D dissolved in acetone and shaken 
with 2 molecules of powdered copper gives (E) H,NO„SCH HaCl 
Crystallised from acetone, this occurs in white needles, melting with decomi 
position at 315° C. It is insoluble in water and dilute acids, but soluble in 
reprecipitated unaltered on acidification. It is 
insoluble m ether and light petroleum, slightly soluble in hot alcohol readilv 
soluble m pyndmc. If the substance E is dissolved in pyridine and nonr ^ 
into water a white amorphous unstable compound is SpfetS 
hen kept in a vacuum desiccator over sulphuric acfd fi^afi^^ses^S 
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This is a white, amorphous powdet 


pyridine leaving (F) CeH^.SO^NH. 

soluble in acetic\Sd It^cloernorSro*°^r°? Pyridine, slightly 
320° C. . ‘ °° heatmg and is unchanged at 

H. D. 


biochemistry 

general biochemistry 

L™m bu°r e Production of, by Sulphonamide-resistant Bacteria. 
GoldswoJthv E. Tandy and N. E. 

that drug-resistance can hT widely held 
or an increased ° by an increased rate of production, 

strain of bacteria a p-aminobenzoic acid by a resistant 

maTn dfficStvTn He contrasted rvith the susceptible parent strain. The 
for the isolation rating this has been the lack of specific methods 

AtteiTts ha^ from the bacterial cultures, 

and miration of of extraction 

to be used with thp l ^ ammo-acids which would be sufficiently sensitive 
cultures TTJT'T in bacterial 

tion of the a^omat ? al in the transforma- 

with dimethvi n nn hth into azo-dyes by diazotisation and coupling 

S-ac.“c dvtr an? ^ separation of the acidic from the 

Sumina A f ^ separation of the former by chromatography orf 

produced dia^oH^h? Stowing in synthetic Kisch’s medium, 

for thfmiTna in the supernatant; these were identified 

Sain hTd h P ^^'dhranihc acid and p-aminobenzoic acid. After this 
?aiSn?enzol sulphathiazole it did not produce more 

of n-Tm?ohPn.o susceptible strain, and the amount 

sulphathiazole Th was insufficient to account for (be resistance to 
produced ThP ^"'d for the sum of u- and p-aminobenzoic acid 

S the nnmh ^nthranilic acid was variable and decreased 

P-amiSThenT? ? ^^'’-=“>!“--es. The authors therefore concluded that 
so far as Tinrf <^ 0^5 not explain acquired drug-resistance 

SdruVadfrr'"” ai' It may be true that the method 

ot drug adaptation is different in different organisms. s. l. sv. 

^ Amylolytic Strain of Bacillus 

subtilis B. S. Lulla. (Mimra. 1949, 163, 489) Bacillus subtitis 

/ dran medium, showed a pron’ounced antibiotic acSit^ 

^uriTr/hTnPri^H aqueous extract from a 24-hour old culture; 

nng this period the amylase formation was found to be low, but steadily 

Results are given of a study of the 
relationship b^wcen the antibiotic production and amylase formation by 
B sitbtilts (N.C.T.C.;2027 N) when grown on wheat bran. The antibiotic 
activity, at a maximum on the first day of growlh, gradually disappears with 
further incubation, while amylase production, although negligible on the first 
ay, s eaduy increases as the incubation period proceeds, and reaches its peal; 
va UP on the fourth daj'. There is therefore a relationship bct«’cen amylase 
formation and the production of antibiotic substance. r. e. .s. 
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fiS prS'uces a crys^llte prod"Ct 

inciilin at 100°C with O'OSN hydrocblonc acid m sealed glass ampoules. 

the efEect of alkali on native insuhn. Usmg O-o ml. of 2 per cmt m 
(10 mg.) and 5-0 ml. of sodium hydroxide, experiments mdicated tha 
0-03N alkali, 0°C. and a 45-minute treatment time gave the best results. 
Reversion of the fibrils was greatly accelerated by mcreasing the number 
of avaUable fibril ends (by a freezing and thawing cycle which breaks up 
the longer fibrils into short segments), suggesting that disaggregation 
occurred mainly at these positions. The presence of sodtum cblonde in 
N/1 concentration in the alkali caused a 90 per cent, inhibition of rever- 
sion; the repulsive forces between similarly charged groups may thus play 
a part in the mechanism of disaggregation. The crystalline product from 
reverted fibrils was not found to be significantly different from native 
insulin m crystallisation properties, in biological activity (20 I.U. per rng.), 
in ultracentrifuge pattern (sedimentation constant 3-3 to 3-6), and in fibril 
formation (at 20° and 100°C.). The irreversible loss of one or more of the 
characteristic properties following demonstrable changes in internal structure 
was not found with r-insulm; tests for changes in labile groups, such as 
amino and disulphide, have been negative. The retention by r-insulin of 
characteristic insulin properties known to be sensitive to structural changes, 
the absence of changes in labile groups, and the fact that fibril elongation 
may take place at low temperatures in the pH region of maximum stability, 
are interpreted as showing that only small structural changes take place 
during fibril formation and that the process is one in which globular c- 
corpuscular units are linked endwise. r. e. s. 


or 


Neomjcin, a New Antibiotic. S. A. Waksman and H. A. 
Lechevalier. (Science, 1949. 109, 305.) The organism producing 
neomycin was isolated from the soil, and is related to Streptoinyc^s fradice. 
When the newly isolated culture was grown in various media containing a 
source of nitrogen, a carbohydrate, and salt, it was found to produce 
neomycin under both stationary and submerged conditions of culture. The 
antibiotic can easily be removed from the culture medium and concentmtec 
by the methods of adsorption and elution applicable to streptomycin 
Neomycin is a basic compound, most active m an alkaline medium. It i; 
soluble in water and insoluble in organic solvents. It is thermostable It i 
active against numerous Gram-positive and Gram-negative bacteria 
especially mycobacteria, but not against fungi. The antibiotic spectrum o 
crude neomycin is quite distinct from that of streptomycin or streptothricin 
Neomycin preparations were found to posses the following desirable proper 
lies; ( 1 ) similar activits' against both streptomycin-sensitive and strepto 
myem-resistant bacteria; (2) considerable activity against various forms o 
-resistant mycobacteria: (3) limited or no toxicitv to animals- (4) activit' 
a^inn various bacteria in vivo, including Gram-positive and Gram-neS v 
organisms and against both streptomycin-sensitive and • negatn. 
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yet been obtained in crystalline form, but preliminary results point to its being 
distinctly different chemically from streptothricin and from streptomycin, 

s. L. w. 


Penicillin, Diffusion of. L. Mosonyi, R. Held and Ch. Kocsan. 
{Acta med. scand., 1942, 132, 487.) The diffusion properties of penicillin are 
different from those of other crystalline substances. It is evenly absorbed by 
collidal substances, such as agar, without losing its efffciency and its diffusion 
is greatly influenced by this adsorption. A thrombin-fibrinogen membrane was 
shown to exert an adsorptive action on penicillin similar to that of agar, a 
fibrin layer of 3 mm. preventing the action of 0-5 to 1 unit of peniciUin when 
interposed between the penicillin and an infected agar plate, though a fibrin 
layer of this thickness is not able to inhibit the action of penicillin when used 
in larger quantities (5 to 10 I.U.). As the concentration of peniciUin in the 
blood, even when given intravenously, reaches only 0-3 to 0-4 units, and this 
for a very short time only, this explains why bacteria at the base of vegeta- 
tions such as occur on the endocardium in endocarditis, and which often 
exceed a thickness of 4 or 5 mm., are found to retain their fuU virulence in 
spite of administration of penicillin. This adsorptive action of fibrin can be 
lessened, and the penicillin rendered more diffusible, by the addition to the 
penicillin solution of 20 per cent, of sodium dehydrocholate. s. L. w. 


Penicillin. Enhancement of Therapeutic Activity. G. A. Hobby, 
T. F. L e n e r t, W. Reed and D. R e n n e. (/. Bact., 1949, 57, 247.) As 
a result of further work to discover the reason for the enhanced activity of 
impure penicillin as compared with crystalline penicillin G, evidence has been 
found suggesting that certain degradation products of penicillins G and 
dihydro-F respectively enhance the activity of highly purified samples of the 
two penicillins. The products possibly responsible are p-hydroxyphenylacetic 
-acid, caprylic acid, peniUic and penicilloic acids. h. t. b. 


Progesterone, Stability of. R. B. W o o 1 f and W. M. A 1 1 e n, (Proc. Soc. 
exp. Biol., N.Y., 1948, 67, 79.) Samples of a and P-progesterone isolated from 
pigs’ ovaries in 1936 were found on assay to be as active, after storage for 
10 years, as the first preparations obtained by Wintersteiner and AUen in 1934. 
The preparations had been stored in small, unsealed glass-stopp6red vials at 
room temperature. Both o and p-forms were assayed according to a slight 
modification of the original Corner-Alien method and the results were com- 
pared with the data obtained in 1934 by the original method. The comparison 
showed that the quantities necessary to produce full proliferation, and the 
quantities which produced little or no proliferation, were virtually the same, 
establishing beyond doubt that there had been no great change in activity m 
the interim. The dosage response curves from the data of 1934 were found 
not to differ significantly from those obtained from assay in 1946. s. L. w. 


Steroids, Deuterium-labeDcd. Infra-red Spectrometry in Metabolic Studies. 
K. Dobriner, T. H. Kritchevsky, D. K. F u k u s h i m a, S. 
Lieberman, T. F. Gallagher,!. D. Hardy, R. N. I o n e s and 
G. C i 1 e n t o. {Science, 1949, 109, 260.) Infra-red absorption spectra of 
steroids, with one or more of the hydrogen atoms replaced by deuterium, 
are of value in the detection, analysis and identification of these ■ 

The spectrum of pregnaDol-3-(a)-one-20 is compared wiA the 
the same compound where a hydrogen atom at C-Il and at C-12 has _ 
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replaced by deuterium. Two absorption bands appear at 2,165 and 
2,125 cm-’^ in the deuterium-containing compound and in the neighbourhood 
of 1,200 cm.-^ pronounced differences are apparent in the two spectra. The 
C-D absorption bands in the neighbourhood of 2,150 cm.'^ are useful for the 
identification of a deuterium-containing molecule as tiffs region, in the con- 
centrations used, is transparent in the absence of deuterium. The method was 
very sensitive and the presence of deuterium could be established in as little 
as 25 pg. of pregnan-ll;12Td,-ol-3-(a)-one-20 containing 5 atoms per cent, 
excess of the isotope. In a metabolic experiment allopregnan-5,6-d2-ol-3-(,fi)- 
' one-20-acetate was injected into a normal woman and the urine and feces 
were collected over 20 days; a fractionation procedure for treatment of urine 
and feces followed by spectrum examination showed that the isotope was 
present in both the crude a- and /9-hydroxy-ketonic fractions as well as in the 
a- and )S-hydroxy non-ketonic fractions from both urine and feces. Graphs 
are given of the infra-red spectra of normal and deuterium steroids in carbon 
disulphide solution for pregnanolone and pregnan-ll : 12-d2-ol-3-(a)-one-20. 


Tricothecin, Isolation and Chemical Properties of. G. G. Freeman 
and R. I. M o r r i s o n. (Biochem. 1949, 44, 1.) The isolation of tricho- 
thecin from the culture filtrate of Tricothechtm roseitm is described. The 
nitrate was extracted with chloroform and the residue after evaporation of the 
chloroform was dissolved in ether and fractionated on a column of activated 
alumina using ether to develop the column. After fractional precipitation 
if inactive material from light petroleum and chloroform, the residue 
obtained was dissolved in carbon tetrachloride and again fractionated on an 
alumina column until pure tricothecin, m.pt. 118°C., was obtained. The 
substance dissolved in chloroform, ethyl alcohol, acetone, and benzene, and 
was slightly soluble in water (400 mg./l. at 25 °C.); it had optical' activity 
-f 44° (c.l, in chloroform); analytical data were consistent with 
the molecular formula or C15H20O4. The molcule contained one 

ketone group, one ethylenic group and three methyl groups attached to 
carbon; free carboxyl, hydroxyl, alkoxyl and aldehyde groups were absent. 
On hydrolysis with alcoholic potassium hydroxide, tricothecin combined with 
one equivalent of alkali. Tbe ultra-violet absorption spectrum of tricothecin 
contained two main bands which, together with the sh^ of the bands occur- 
ring with a change in polarity of the solvent, indicated that the molecule 
contained conjugated ethylenic and carbonyl groups. Tricothecin was 
found to be relatively stable in acid solution and at pH 10, but at pH 12 
hydrolysis took place with liberation of a carbonyl group and with virtually 
complete loss of antifungal activity in 6 hr. at 20°C. Acidification of the 
inactivated alkaline solution led to the formation of an inactive neutral ketone. 

R. E. s. 


BIOCHEMICAL ANALYSIS 

Alcohol in Blood and other Biological Fluids, Colorimetric Determinatior 
of Microquantitics of R. J. Henry, Carol F. Kirkwood S 
Bcrkman. R. D. Housewright and J. Henrv G 

to acetaldehyde and dcten^at.on of the latter colorimetricallv TrS 
p-hydroxvdiphcnyl. Up to 20 ml. of sample is diluted with 20 mT if 
aad 01 .01. of 10 p„ o„,. 
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distillate, which should contain all the alcohol, is added to a solution of 
potassium dichromate and sulphuric acid and again, distilled. The distillate 
is collected in a graduated tube in an ice-bath, the quantity collected depend- 
ing on the amount of alcohol in the original sample. The loss of alcohol by 
complete oxidation to acetic acid is controlled by strict adherence to the 
routine described. The acetaldehyde is estimated by adding to 1 ml. of the 
distillate cooled in ice, 1 drop of 5 per cent, copper sulphate solution, 6 ml. 
of arsenic and nitrogen-free sulphuric acid, and, with constant shaking, O'l 
ml. of a 1-5 per cent, solution of p-hydroxydiph‘enyl in 0-5 per cent, sodium 
hydroxide solution. The mixture is warmed at 30° C. for 30 minutes, placed 
in a boiling water-bath for 90 seconds to dissolve excess of reagent, and 
cooled in ice to room temperature. The deep violet colour, which is stable 
for several hours, is read in a photoelectric colorimeter against a blank 
prepared by using 1 ml. of water instead of the distillate. Substances which 
interfere with the results include oxalacetic acid, a-glycerophosphates, 
glyceraldehyde and other alcohols. Among the non-interfering substances 
listed are methyl alcohol, glucose, acetone, pyruvic acid, urea and various 
amino-acids. The method is suitable for the determination of blood in 
amounts obtainable from finger puncture. The blood should be diluted 
1 in 20, and the proteins and erythrocytes precipitated with tungstic acid. 
The method gives results within ±6 per cent, on a single blood determination. 

G. R. K. 

Alcohol, Ether and Volatile Reducing Substances in Blood and Gases, 
Determination of. A. Hemingway, L. A. Bern at and J- 
Maschmeyer. (J. Lab. din. Med., 1948, 33, 126.) Various methods 
used for the determination of alcohol and ether in blood and air are 
reviewed and their disadvantages are examined. In the procedure adopted the 
reducing* substance is absorbed in a known excess of standard potassium 
dichromate solution in the presence of sulphuric acid<-and the excess of 
chromic acid is determined by titration with ferrous sulphate solution using 
the redox indicator barium diphenylamine sulphonate. In the presence of 
phosphoric acid the indicator gave a sharp end-point from violet-blue to 
colourless, which is the main advantage of the method. Details are given 
for the determination of reducing substances in small quantities of blood using 
the Widmark flask method, and also for the determination in gases. The 
effect of variation in distillation time is studied and results are given of tests 
carried out on the reducing power of sulphuric acid, on the oxidation of acetic 
acid, and on the recovery of ether from prepared solutions of ether in blood. 

R. n. s. 

p-Aminosalicyllc Acid in Blood and Urine, Estimation of. H. G. D i c k c n- 
s o n and W. K e 1 1 y. (Lancet, 1949, 256, 349.) To a solution of I per cent, 
sulphanilic acid in 10 per cent, hydrochloric acid, cooled in ice, add 10 per 
cent, sodium nitrate solution until the reaction is just positive to starch iodide; 
then add the sulphanilic-acid solution until the starch iodide test is negative. 

TTiis solution is kept cold and made up freshly for each test. Blood scrum 
(2 ml.) containing p-aminosalicylic acid equivalent to 10 to 20 mg./lOO ml. 
diluted with water (2 ml. is deproteinated with 10 per cent, trichloracetic acid 
(2 ml.), and filtered. The filtrate (2 ml.) is made strongly alkaline by adding 30 
per cent, sodium hj'droxide solution {0-25 ml.) and the diazo solution (0-25 ml.) 
added. The stable cherry' colour produced is compared with that obtained from 
standard aqueous solutions of p-aminosalicylic acid equivalent to 10 to 20 
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me /lOO ml. Sulphonamides and p-aminobenroic add give no coloratira. 
and normal blood only a negligible coloration. Salicylic acid ^ves a co o - 
tion only about 5 per cent, of that obtained for p-ammosahcylic acid. The 
recovery of added p-aminosalicylic acid from blood and blood ser^ is from 
90 to 100 per cent For the estimation in urine, 5 to 10 drops of a 10 per cent, 
calcium chloride solution is added to an aliquot (10 ml.) of the unne ^^mpl^ 
the pH brought to S to 9 wth 3N ammonia, the solution filtered, imd tte 
filtrate and svashings adjusted to pH 2 with 10 per cent, hydrochlonc acid. 
The intensiti,’ of colour on addina 2 drops of 10 per cent feme chlonde solu- 
tion is observed on a sample, and the urine diluted to give a colour approxi- 
mately equivalent to that obtained from a standard solution of p-amino- 
salicyiic acid. A colorimetric estimation can be made -with an accuracy of 
+ 5 per cent. Salicylic acid v.'ill. of course, interfere with this estimation. 


Anti-Pcmicious Ansemia Factor, Estimation of. W. F. J. Cuth- 
bertson. {Biochem. J.. 1949, 44. v.) The microbiological assay of 
Shorb for the gronth factor present in highly refined liver extracts was found 
to be unsatisfactort'. The organism used, LaclohacUhis lactis Domer 
ATCXT SOOO. required, in addition to the medium of Shorb, tomato juice 
and “Tween SO” as well as the anti-pemicious anemia factor. ThjTnidine 
allowed the growth of the organism on vitamin Bj--deficient media and it was 
not possible to obtam a response to the anti-pernicious anemia factor using 
the technique of Shorb. The cup-plate assay was adaptable to the deter- 
mination of the anti-permcious anremia fraction and to the detection of other 
members of the Bi- group of microbiological gronth factors present in puri- 
fied liver extracts. The medium used was that found suitable in the ordinary’ 
microbiological assay 'rith the addition of 2 per cent of agar. For an assay 
the sterile medium is melted, held at -iS’C.. and inoculated with a culture of 
Lb. lactis Domer ATCC SOOO; 12-5 ml, samples are then poured into Petri 
dishes. Holes are cut in the covered agar plates with a 10 mm. cork borer. 
Three drops of t^t oi standard solution are placed in each of the appro- 
pnate holes and the plates are incubated overnight. After 16 to 24 hr. 
the colonies developing around holes form sharply defined zones of 
exhibition: zone diameters are proportional to the logarithms of the auti- 
pemicious anccmia fraction concentrations over the range 0-02 to 0-5as,/mI. 
Both factors contribute to microbiological acmnty and unless the ratio of 
clinical to microbiological aclivit\ is the same for both of these substances 
this test alone nill not exactly predict the clinical potenev of liver extracts. 
The method is rapid and simple, but it is relativelv insensitive and some- 
^^hat susceppble to interference by other merabeis of the B,- croup, preser- 
vatucs and antibiotics. ' ~ _ 


im , f ^romatographj. R. G. K 1 u e n e r. (/. Bact. 
-a Lf ’ V A mcidified paper strip technique uhich can be comnleted h 
^hours IS desenbed for determining separately penicillins X, G. f‘ and K 

differences in the distribution coefficients oi 
us-d for d“v penicillin between ether and a phosphate buffer. The ethei 
us.d for dcxelopment must he anhydrous and of reagent "rude Tn o-Ii,-! 

'ih? difltmncc Smeea J-non-n mixtures in^broth 

■ H. T. B. 
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distillate, which should contain all the alcohol, is added to a solution of 
potassium dichromate and sulphuric acid and again distilled. The distillate 
is collected in a graduated tube in an ice-bath, the quantity collected depend- 
ing on the amount of alcohol in the original sample. The loss of alcohol by 
complete oxidation to acetic acid is controlled by strict adherence to the 
routine described. The acetaldehyde is estimated by adding to 1 ml. of the 
distillate cooled in ice, 1 drop of 5 per cent, copper sulphate solution, 6 ml. 
of arsenic and nitrogen-free sulphuric acid, and, with constant shaking, 0 1 
ml. of a T5 per cent, solution of p-hydroxydiphenyl in 0-5 per cent, sodium 
hydroxide solution. The mixture is warmed at 30° C. for 30 minutes, placed 
in a boiling water-bath for 90 seconds to dissolve excess of reagent, and 
cooled in ice to room temperature. The deep violet colour, which is stable 
for several hours, is read in a photoelectric colorimeter against a blank 
prepared by using 1 ml. of water instead of the distillate. Substances which 
interfere with the results include oxalacetic acid, o-glycerophosphates, 
glyceraldehyde and other alcohols. Among the non-interfering substances 
listed are methyl alcohol, glucose, acetone, pyruvic acid, urea and various 
amino-acids. The method is suitable for the determination of blood in 
amounts obtainable from finger puncture. The blood should be diluted 
1 in 20, and the proteins and erythrocytes precipitated with tungstic acid 
The method gives results within ±6 per cent on a single blood determination. 

G. R. K. 

Alcohol, Ether and Volatile Reducing Substances in Blood and Gases, 
Determination of. A Hemingway, L A Bernat and J- 
Maschmeyer. (/, Lob. din. Med. 1948, 33, 126.) Various methods 
used for the determination of alcohol and ether in blood and air are 
reviewed and their disadvantages are examined In the procedure adopted the 
reducing substance is absorbed in a known excess of standard potassium 
dichromate solution in the presence of sulphuric acid c and the excess of 
chromic acid is determined by titration with ferrous sulphate solution using 
the redox indicator barium diphenylamine sulphonate. In the presence of 
phosphoric acid the indicator gave a sharp end-point from violet-blue to 
colourless, which is the mam advantage of the method Details are given 
for the determination of reducing substances in small quantities of blood using 
the Widmark flask method, and also for the determination in gases The 
effect of variation in distillation timo is studied and results are given of tests 
earned out on the reducing power of sulphuric acid, on the oxidation of acetic 
acid, and on the recovery of ether from prepared solutions of ether in blood 

RES 


p-Aminosalicyllc Acid in Blood and Urine, Estimation of. H G Dickcn- 
s o n and W. K e 1 1 y. (Lancet, 1949, 256, 349.) To a solution of I per cent 
sulphanilic acid m 10 per cent, hydrochloric acid, cooled in ice, add 10 ^r 
cent, sodium nitrate solution until the reaction is just positive to starch iodide, 
then add the sulphanilic-acid solution until the starch iodide test is negative. 
This solution is kept cold and made up freshly for each test. Blood serum 
(2 ml.) containing p-aminosalicylic acid equivalent to 10 to 20 mg. /1 00 mJ. 
diluted with water (2 ml. is deproteinated with 10 per cent, trichloracetic acid 
(2 ml ) and filtered. The filtrate (2 ml.) is made strongly alka/ine by addins 30 
per cent, sodium hydroxide solution (0 25 ml.) and the diazo solution (0 25 ml.) 
added. The stable cherrv' colour produced is compared with that obtained from 
standard aqueous solutions of g-aminosalicilic acid equivalent to 10 to 20 
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me./ 100 ml. Sulphonamides and p-aminobcnzoic acid give no coloration, 
and normal blood only a negligible coloration. Salicylic acid gives a co - 
tion only about 5 per cent, of that obtained for p-ammosaheyhe acid. 
recovery of added p-aminosalicylic acid from blood and blood serum is from 
90 to 100 per cent. For the estimation in urine, 5 to 10 drops of a 10 per cent, 
calcium chloride solution is added to an aliquot (10 ml.) of the urine sample, 
the pH brought to 8 to 9 with 3N ammonia, th£ solution filtered, and the 
Bltrate and washings adjusted to pH 2 with 10 per cent, hydrochloric aci . 
The intensity of colour on adding 2 drops of 10 per cent, ferric chloride solu- 
tion is observed on a sample, and the urine diluted to give a colour approxi- 
mately equivalent to that obtained from a standard solution of p-amino- 
salicylic acid. A colorimetric estimation can be made with an accuracy of 
± 5 per cent. Salicylic acid will, of course, interfere with this estimation. 


Anti-Pemicious Amernla Factor, Estimation of. W. F. J. Cuth- 
bertson. (Biochem. J., 1949, 44, v.) The microbiological assay of 
Shorb for the growth factor present in highly refined liver extracts was found 
to be unsatisfactory. The organism used, Lactobacillus lactis Domer 
ATCC 8000, required, in addition to the medium of Shorb, tomato juice 
and “ Tween 80 ” as well as the anti-pernicious ansmia factor. Thymidine 
allowed the growth of the organism on vitamin Bj--deficient media and it was 
not possible to obtain a response to the anti-pernicious anemia factor using 
the technique of Shorb. The cup-plate assay was adaptable to the deter- 
mination of the anti-pemicious amemia fraction and to the detection of other 
members of the Bj, group of microbiological growth factors present in puri- 
fied liver extracts. The medium used was that found suitable in the ordinary 
microbiological assay with the addition of 2 per cent, of agar. For an assay 
the sterile medium is melted, held at 45°C., and inoculated with a culture of 
Lb. lactis Dorner ATCC 8000; 12-5 ml. samples are then poured into Petri 
dishes. Holes are cut in the covered agar plates with a 10 mm. cork borer, 
Huee drops of test or standard solution are placed in each of the appro- 
priate holes and the plates are incubated overnight. After 16 to 24 hr. 
the colonies developing around holes form sharply defined zones of 
exhibition; zone diameters are proportional to the logarithms of the anti- 
pemicious ansemia fraction concentrations over the range 0-02 to 0-5rig./ml. 
Both factors contribute to microbiological activity and unless the ratio of 
ctoical to rnicrobiological activity is the same for both of these substances 
tos test alone will not exactly predict the clinical potency of liver extracts. 

e method is rapid and simple, but it is relatively insensitive and some- 
what susceptible to interference by other members of the B,o group, preser- 
vatives and antibiotics. n ^ q 


Chromatography. R. G. K 1 u e n e r. (/. Bact., 
lA h’nnrl -o A . paper strip technique which can be completed in 

detennining separately penicilHns X, G, F and K. 
the variSes of differences in the distribution coefficients of 

used for delSornTn, if ^ phosphate buffer. The ether 

ing 35 known mixturef^fn u ^ 

ihe difference Sfen soluUon and 24 known mixtures in broth, 

13 per cent, and averaoed f°*tnd did not exceed 

"ivciaged ^ 5 per cent. 


not exceed 

H. T. B. 
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Penidllin G, Determination of. G. B. Levy, D. Shaw, E. S. 
Parkins on and D. Fergus. {Anal. Cfiem., 1948, 20, 1159.) The light 
absorption in the ultra-violet region due to the benzyl group in penicUlin G, 
is used to determine this component in mixtures of penicillins. The total 
light absorption of a penicillin mixture is ‘due to a “ background ” non- 
sel^tive absorption upon which is superimposed the benzene band spectrum 
which can be, evaluated by several methods; graphs are given illustrating this 
procedure. For routine analysis of penicillin G preparations, a simplified 
technique was used based on the fact that commercial penicillin G prepara- 
tions usually do not contain penicillin X or inactivated penicillin G, but, 
besides benzylpenicillin, only small amounts of penicillins F, K, and dihydro 
F , and some inert pigment. Under these conditions an average value for the 
angular displacement of the spectrum due to impurities, i.e. the slope of the 
“ background ” absorption — together with the measurement of the height of 
a characteristic band (maximum and minimum) affords a rapid method for 
determining the benzyl content of penicillin G preparations. Comparisons 
of assays by this method with the gravimetric procedure, based on the 
precipitation of penicillin G by N-ethyl piperidine, showed that the average 
deviation for the gravimetric method is 1-43 per cent., and for the spectro- 
photometric method 1 -40 per cent., while the maximum deviation is 4-5 and 5-2 
per cent, respectively. The method evolved is particularly suited to routine 
use but extraneous benzyl groups will interfere. A photoelectric spectro- 
photometer is necessary to produce the required accuracy of extinction 
readings. r. e. s. 

Sodium in Biological Fluids, Microcolorimetric Determination of. A. A. 
A-1 b a n e s e and M. L e i n. (/. Lab. din. Med., 1948, 33, 246.) The reagent 
is a solution of uranyl zinc acetate prepared by adding a boiling solution of 
10 g. of uranyl acetate in 50 ml. of water and 2 ml. of glacial acetic acid to a 
boiling solution of 30 g. of zinc acetate in 50 ml. of water containing 1 ml. of 
glacial acetic acid, allowing to stand overnight, filtering, diluting with an 
equal volume of alcohol (95 per cent.), cooling at 4°C. for 48 hours and again 
filtering. A mixture of 0.2 ml. of urine or spinal fluid and 1 ml. of reagent is 
cooled at 4°C. for one hour, and centrifuged. The supernatant liquid is dis- 
carded, the residue drained and washed with 2 ml. of alcohol (95 per cent.), 
again centrifuged and drained, and dissolved in 5 ml. of water. Any turbidity 
due to an excess of phosphate is removed by centrifuging and the intensity 
of the yellow colour of the solution measured in a photoelectric colorimeter. 

A parallel determination is done for 0.2 ml. of a standard solution of sodium 
chloride in water containing 2 mg. of sodium per ml. The content of sodium 
per ml. is calculated from: reading of unknown/reading of standard x 0.4 mg. 
of Na X 5. Fer sera, plasma and whole blood, 0-2 rnl. is treated with 
0.6 ml. of a 20 per cent, solution of trichloracetic acid, centrifuged, and 0.4 ml. 
of the supernatant liquid treated as described. The experimental error is about 

. G. R. K. 

-t-S per cent. 

Steroids in Urine, Determination of, S, L. To m p s e 1 1. (Analyst. J9j9, 74, 

6.) A review is made of the methods available for the isolation and identin- 
cation of the steroids found in human urine. The origin of the 
steroid hormones, male and female, is given, together with a detailed table 
of the principal natural steroids found in man. Steroids in unne arc separated 
from other materials by three procedures: (I) extraction of the steroid con- 
jugates with butyl alcohol followed by acid hydrolysis, (2) a snort acid 
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h\dTo\\sis Mlowed by extracdon of the free steroids with an organic 
solvent, (3) simultaneous hydrolysis by acid and extraction with a compara- 
tively high-boUing solvent. Methods for the determination of total 17- 
ketosteroids, of non-alcoholic 17-ketosteroids, and of a- and non-alcoholic 
17-ketosteroid content after precipitation of the ^-alcohols with digitonin, 
are given. The 3;20-ketosteroid fraction is discussed and a method is given 
for the determination and separation of kctonic and non-ketonic steroids 
using Girard reagent T, Results are quoted for urine samples from a wide 
variety of clinical cases. For a coriiplete picture of steroid hormone 
metabolism the following determinations are necessary': mstrogens; 17-kelo- 
steroids; total ketones indicative of the present of the 20-kctostefoids', the 
non-ketones; pregnanediol-3(a):20(a); the corticosteroids. R. E. s. 


CHEMOTHERAPY 

Diamidines as Antibacterial Compounds. R. \V i e n, J. H a r r i s o n and 
W. A Freeman (Brit. J. Pharmacol., 1948, 3, 211.) in the diphenoxy- 
alkanes there was a graded increase in bacteriostatic activity, which was 
maintained in the presence of blood, against staphylococci, rising to a 
maximum from the propane to the hexane and nonane derivatives. This 
increase was accompanied by an increase of intravenous toxicity but by' 
only a relatively small increase in local toxicity to phagocytes. Gram- 
positive bacteria were more susceptible than Gram-negative bacteria. The 
introduction of halogen into one or both benzene nuclei in the diphenoxy- 
alkanes increased bacteriostatic activity, with little alteration in local toxicity 
to phagocytes. The mono-halogen derivatives were more active than the 
di-halogen against staphylococci, whereas the di-halogen derivatives were 
more active against Gram-negative bacteria. Dibromopropamidine and 
iodohexamidine were amongst the most active of the compounds examined 
for their possible use in surface infections. They both showed bacterio- 
static and bacterical activity', these effects being decreased in an acid and 
increased in an alkaline medium. Drug-resistant strains of bacteria could 
easily be induced by repeated sub-cultivation in vitro. Cross-resistance experi- 
ments showed that: (1) staphylococci resistant to penicillin or to 5-amino- 
acridine were susceptible to diamidines, (2) staphylococci and streptococci 
resistant to one diamidine were resistant also to other diamidines, 
(31 staphylococci resistant to diamidines were not resistant to penicillin or 
5-amino-acridine. Little therai>eutic activity can be demonstrated when the 
compounds are given by injection. s. L. w. 


Miracil D. D. M. B 1 a i , and F. G. L o v e r i d g e. (Lancet, 1949, 256, 
344.) Miracil D was given by mouth twice a day for 3 to 6 days to African 
school-children. Of 82 children who received a total dosage of at least 
60 mg./kg. of body weight 74 ceased to pass living eggs or active miracidia, 
Md none of the cured cases had relapses up to 12 weeks after treatment, 
there seems to be no advantage in gis'ing more than 15 mg./kg. daily. This 

children. The others com- 
dSss'’ bm pain loss of appetite, nausea, and/or .headache and 

S. L. W. 
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Bases. 

1949 38 fi?) SiY • f 2-ttocks. Q. Amer. pharm. Ass., Sci. Ed., 
ammoi 1 per cent, of cetyltrimethyl- 

USP simnie nmf ointment U.S.P., hydrophilic petrolatum 

and a’ Z7nLT ? glycerite N.F., pectin paste N.F.. 

10 per ce^ waTr prepared by mixing carbowax 1500 with 

of nutrient broth • ’ ^dded m amounts of 0-5 g. to 5 ml. quantities 

werelTubat/d at J Staphylococcus aureus, and the mixtures 

S eaS St -1°' ?■ (0 05 ml.) 

inhibits t^ J)^o f a medium containing lecithin, which 

were 15 for bactericide, incubated for 48 hours and the tubes 

extent to which th • were carried out to determine the 

Se interfered with the action of the bacteri- 

ment hal ml * carbowax ointment base proved to be suitable oint- 

Sihc netrilarnm hydrophilic ointment and hydro- 

fimofe olTmcl bactericidal activity, whhe those prepared with 

bactericide n h” ragacanth glycerite released such small amounts of 
bactericide as to be practically ineffective. g. r. k. 

and^?**ltf In‘ravenous Administration; J. H. N i s s i m 

iron ovide diffe 256, 686.) Samples of saccharated 

The fniiniv- ^ J toxicity owing to differing methods of preparation. 

S J F ^"hydrous sodium carbonate in 1 1. of 

dir.5d^- 1 chloride (FeCl^.eHp). Carbon 

f j. . ferric hydroxide formed dissolves in the excess 

cni.l- ^ P“^’® solution. Add sodium carbonate 

ndlei f gradually to reprecipitate all the iron as ferric hydroxide, and 
f. P,^ . ■ l^ash away the sodium chloride formed by repeated addi- 
w "'^^er in quantities of 1000 to 2000 ml., allowing the ferric 

nyaroxide to settle and decanting, continuing until the supernatant fluid 
acquires a brownish tinge. Add 166 g. of sucrose, followed by 30 ml. of 
' hydroxide solution, pour the mixture into a flat dish 

and heat m the oven at 130“C. The saccharated hydroxide gradually 
dissolves to an almost black solution. If to a sample of this solution (enough 
distilled water red-brown) dilute hydrochloric acid is 
added drop by drop it precipitates when pH 8 is reached. With continued 
heating, the pH at which this precipitation takes place falls gradually from 
« to 3. When the required precipitation point is reached (the original 
specimen used clinically with success had pH 5-7 ) the temperature of the 
oven is reduced to 90 °C., the product is evaporated to dryness, and dissolved 
m 500 ml. of distilled water to give a solution containing 2 per cent, of 
elemental iron. After filtering through a Whatman No. 50 filter paper, 
and autoclaving, it is ready for use. Variations in the method of preparation 
re discussed and an account given of toxicity tests with these preparations 
Mding to the selection of the best samples for intravenous administration. 

e macroscopical and microscopical findings in mice receiving lethal doses 
arc described and the manner in which saccharated iron o.xidc produces 
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its toxic effects is discussed. Until the method of 

reliable to ervsure the constant production of sahsfactorx- samples the authors 
consider that biological standardisation is necessary. 


PHARMACOGNOSY 

Indian Belladonna, Studies on. R. C h a 1 1 e r j e e and J K L ah in. 
(/. Amer. pharm. Ass., ScL Ed.. 1949, 38, 11.) Indian belladonna, Atropa 
acuminala Royle, was compared morphologically wth A. belladonna Linn, 
and found to differ mainly in the structure of the leaves. As a result ot 
a critical study of specimens of Atropa from the Calcutta Herbanum, the 
authors suggested that the Indian species should be reduced to a vancty_ 
of the type species and henceforward be called A. belladonna Linn. var. 
acuminata (Royle) R. Chatterjee and J. K.. Lahiri. A. luiescens Jacquemont 
was said to be synonymous with A. belladonna Linn. var. acuminata (Royle), 
hence the statement by Chopra that A. Ititescens (which is of low alkaloidal 
content) is used as an adulterant to Indian belladonna seemed without 
foundation. The hyoscyamine content of the roots from Indian sources is 
fairly high; commercially the roots are used for the preparation of atropine, 
and can be used for hyoscine since this constitutes about 15 per cent, of 
the total alkaloids. R. K. 


Juniperus occidentalis, Hooker, Sierra Juniper Wood. E. F. K u r I h 
and H. B. Lackey. (J. /4mer. c/iem. 5oc., 1948, 70, 2206.) Trees ot 
this species grown in Oregon were collected, the bark removed, and repre- 
sentative specimens of sapwood, heart-wood, whole wood, stumpwood and 
root-wood obtained. After room-drying to a moisture content of less than 
10 per cent, the various samples were extracted with ethyl ether; the extractive 
ranged from 2-96 per cent, (stumpwood) to 6-50 per cent, (heart-wood). 
Approximately 1 per cent, of additional material, soluble in acetone, was 
chiefly a catechol phlobaphene. The ether extract was soluble in light 
petroleum to an extent of 2-53 per cent, on the weight of the sap-wood and 
3-01 per cent, on the weight of the whole wood. The light petroleum 
extract consisted of resin acids, oleic acid and high molecular weight lactonic 
acids, a mixture of a- and jS-sitosterol, and a hydroxyresene CjsHjtO. The 
volatile oil from the trunk of the tree ranged from 0-9 to 1-25 per cent, and 
appeared to consist of cedrol; the oil obtained from the rootwood contained 
cedrene and cedrol. r. e. s. 


Remijia pedunculata. Observations on the Bark of. H. W. Y o u n g k e n. 
(J. Amer. pharm. Ass., Sci. Ed., 1949, 38, 27.) Studies of the physical 
characteristics and histology of Remijia pedunculata bark, a recognised 
source of quinidine sulphate in the U.S.P. XIII, and of quinine during the 
war, are reported. The materials and methods used in these studies are 
outlined. The unground bark is described and shown to differ from cinchona 
m having brittle cork which readily separates from the bark and is there- 
tore absent or partly absent from most commercial specimens. A detailed 
description of the histology of the stem bark is given and differences between 

^ striking difference being the absence of micro- 
‘iif anatomical data are also reported and the powdered 
bark IS descubed. lustrations of pieces of the unground drug, * 70 ^ 

1 bark and the diagnostic tissue elements of the powdered 
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Cetyltrimethylammomum Bronufle, Efficacy of in Ointment Bases. 
L. P, Prusak and A. M. Mattocks. (J. Amer. pharm. Ass., Sci. Ed., 
1949, 38, 67.) Six ointments comprising 1 per cent, of cetyltrimethyl- 
ammonium bromide in hydrophilic ointment U.S.P., hydrophilic petrolatum 
U.S.P., simple ointment U.S.P., tragacanth glycerite N.F., pectin paste N.F., 
and a carbowax ointment base prepared by mixing carbowax 1500 with 
10 per cent, of water, were added in amounts of 0-5 g. to 5 ml. quantities 
of nutrient broth inoculated with Staphylococcus aureus, and the mixtures 
were incubated at 31 °C. for 3- and 24-hour periods. One loopful (0-05 ml.) 
of each mixture was sub-cultured in a medium containing lecithin, which 
inhibits the action of the bactericide, incubated for 48 hours and the tubes 
were read for turbidity. Control tests were carried out to determine the 
extent to which the ointment bases interfered with the action of the bacteri- 
cide. Pectin paste and carbowax ointment base proved to be suitable oint- 
ment bases. The ointments prepared with hydrophilic ointment and hydro- 
philic petrolatum had no bactericidal activity, while those prepared with 
simple ointment and tragacanth glycerite released such small amounts of 
bactericide as to be practically ineffective. o. R. K. 

Saccharated Iron Oxide for Intravenous Administration.- J. H. N i s s i lU 
and J. M. Robson. (Lancet, 1949, 256, 686.) Samples of saccharated 
iron oxide differ widely in toxicity owing to differing methods of preparation. 
The following method permits of better control and provides material of 
lower toxicity. Dissolve 25 g. of anhydrous sodium carbonate in 1 1. of 
distilled water and add 50 g. of ferric chloride (FeCl^jbHjO). Carbon 
dioxide is evolved and the ferric hydroxide formed dissolves in the excess 
of ferric chloride to give a dark purple solution. Add sodium carbonate 
solution gradually to reprecipitate all the iron as ferric hydroxide, and 
adjust to pH 7. Wash away the sodium chloride formed by repeated addi- 
tions of distilled water in quantities of 1000 to 2000 ml., allowing the ferric 
hydroxide to settle and decanting, continuing until the supernatant fluid 
acquires a brownish tinge. Add 166 g. of sucrose, followed by 30 ml. of 
15 per cent, sodium hydroxide solution, pour the mixture into a flat dish 
and heat in the oven at 130°C. The saccharated hydroxide gradually 
dissolves to an almost black solution. If to a sample of this solution (enough 
to colour 10 ml. of distilled water red-brown) dilute hydrochloric acid is 
added drop by drop it precipitates when pH 8 is reached. With continued 
heating, the pH at which this precipitation takes place falls gradually from 
8 to 3. When the required precipitation point is reached (the original 
specimen used clinically with success had pH 5-7 ) the temperature of the 
oven is reduced to 90°C., the product is evaporated to dryness, and dissolved 
in 500 ml. of distilled water to give a solution containing 2 per cent, of 
elemental iron. After filtering through a Whatman No. 50 filter paper, 
and autoclaving, it is ready for use. Variations in the method of preparation 
are discussed and an account given of to.xicity tests with these preparations 
leading to the selection of the best samples for intravenous administration. 

The macroscopical and microscopical findings in mice receiving lethal doses 
are described and the manner in which saccharated iron oxide produces 
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'its toxic effects is discussed. Until the method of preparation is sufficiently 
reliable to ensure the constant production of satisfactory samples the authors 
consider that biological standardisation is necessary. s. i- % 


PHARMA.COGNOS Y 

Indian Belladonna, Studies on. R. C h a 1 1 e r j c e and J. K. L a h i r i. 
(J. Amer. pharm. Ass.. Sci. Ed., 1949, 38, 11.) Indian belladonna, Atropa 
acuminata Royle, was compared morphologically with A. belladonna Linn, 
and found to differ mainly in the structure of the leaves. As a result of 
a critical study of specimens of Atropa from the Calcutta Herbarium, the 
authors suggested that the Indian species should be reduced to a variety ^ 
of the type species and henceforward be called A. belladoi\na Linn. var. 
acuminata (Royle) R. Chatterjee and J. K. Lahiri. A. hitescens Jacquemont 
was said to be synonymous with A. belladonna Linn. var. acuminata (Royle), 
hence the statement by Chopra that A. hitescens (which is of low alkaloidal 
content) is used as an adulterant to Indian belladonna seemed without 
foundation. The hyoscyamine content of the roots from Indian sources is 
fairly high; commercially the roots are used for the preparation of atropine, 
and can be used for hyoscine since this constitutes about 15 per cent, of 
the total alkaloids. o. R. K. 


Juniperus occidentalis, Hooker, Sierra Juniper Wood. E. F. K u r t h 
and H. B. Lackey. (/. .,4 mer. c/iewi. Soc., 1948, 70, 2206.) Trees ot 
this species grown in Oregon were collected, the bark removed, and repre- 
sentative specimens of sapwood, heart-wood, whole wood, stumpwood and 
root-wood obtained. After room-drying to a moisture content of less than 
10 per cent, the various samples were extracted with ethyl ether; the extractive 
ranged from 2-96 per cent, (stumpwood) to 6-50 per cent, (heart-wood). 
Approximately 1 per cent, of additional material, soluble in acetone, was 
chiefly a catechol phlobaphene. The ether extract was soluble in light 
petroleum to an extent of 2-53 per cent, on the weight of the sap-wood and 
3-01 per cent, on the weight of the whole wood. The light petroleum 
extract consisted of resin acids, oleic acid and high molecular weight lactonic 
acids, a mixture of a- and )3-sitosterol, and a hydroxy resene CjgHjiO. The 
volatile oil from the trunk of the tree ranged from 0-9 to 1-25 per cent, and 
appeared to consist of cedrol; the oil obtained from the rootwood contained 
cedrene and cedrol. res 


Remijia pedunculata. Observations on the Bark of. H. W. Y o u n g k e n. 
(A Amer. pharm. Ass., Set. Ed., 1949, 38, 27.) Studies of the physical 
characteristics and histology of Remijia pedunculata bark, a recognised 
source of quinidine sulphate in the U.S.P. XUI, and of quinine during the 
war are reported. The materials and methods used in these studies are 
outhned. The unground bark is described and shown to differ from cinchona 
m having brittle cork which readily separates from the bark and is there- 
lore absent or partly absent from most commercial specimens. A detailed 
uescnption of the histology of the stem bark is given and differences between 

difference being the absence of micro- 
cmtals. New additional anatomical data are also reported and the powdered 
bark IS desenbed. Illustrations of pieces of the unground drug.^tS 
1 bark and the diagnostic tissue elements of the powdered 
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bark are included. Remijia peduncvlata bark is shown to satisfy the identi- 
fication test for cinchona in the N.F. VIII; hence it is suggested that this 
test be deleted in the N.F. IX or made more specific for cinchona. G, R. K. 

Opuntia vulgaris, a new Source of Pectin. H. D i a c o n and V. M a s s a. 
(Ann. pharin. Franc., 1949, 6, 457.) Opuntia vulgaris MiU., which is common 
in Tunisia, gives a good yield of pectin. From 2 kg. of the fresh twigs, 14 g. 
of calcium magnesium pectate were prepared. The anti-hjemorrhagic action 
of this material was determined, and it was concluded that the action was 
superior to that of the pectin used by previous authors. This superiority, 
it is considered, is due solely to the high content of calcium and magnesium. 

G.M. 


PHARMACOLOGY AND THERAPEUTICS 

Amethocaine Hydrochloride. Severe Toxic Effects when used tor 
Bronchoscopy. C. A. Jackson. (Brit. med. J., 1949, 1, 99.) The occur- 
rence of toxic reactions in 2 patients treated with amethocaine to secure 
local analgesia before bronchoscopy is reported. The procedure adopted was 
to give 2 lozenges of benzocaine 200 mg. to suck 40 minutes pre-operatively 
followed after 10 minutes by 11 to 16 mg. of morphine. In the anaesthetic 
room, the fauces, the posterior pharyngeal wall and both pyriform fossa 
were painted with less than 2 ml. of a 2 peg cent, solution of amethocaine 
hydrochloride containing adrenaline 1 in 5000, and finally 2 ml. of the same 
solution was injected between the cords. Soon after injection, both patients 
became unconscious and had convulsions. In one patient, endotracheal 
oxygen and carbon dioxide and venepuncture effected recovery, but in the 
second, who had received 4 ml. by injection, deep cyanosis supervened and 
the pulse stopped, necessitating cardiac massage. Although the total period 
of cardiac arrest was about 4 minutes and unconsciousness persisted for 
4 days, complete recovery took place. To avoid the occurrence of severe 
reactions the following precautions are suggested: (a) a barbiturate should 
be given by mouth pre-operatively; (b) an amethocaine pastille should be 
sucked' 30 minutes before examination; (c) the total dose of amethocaine 
should not exceed 80 rag., and the solution should contain adrenaline, 1 in 
5000; (d) application by spray should not be used; (e) amethocaine should 
not be applied to inflamed, traumatised or highly vascular surfaces (especially 
in the urethra), and (f) it should not be used for allergic, severely debilitated 
or cachectic patients. Treatment of toxic reactions should include artificial 
respiration with oxygen-carbon-dioxide mixture, using an endotracheal tube 
if ftecessary, intravenous administration of a rapidly-acting barbiturate to 
control the convulsions, and administration of respiratory and cardiac 
stimulants. 

Antabnse, Preliminary Report on Clinical Trials. R. G. Bell and H. W. 
Smith. (Canad. med. Ass. J.. 1949, 60, 286.) Antabuse is the Danish 
trade name for tetraethylthiuramdisulphide. Patients receiving this drug have 
an abnormal reaction to alcohol in the body, though the drug itself has 
few effects when administered in daily doses of 0-5 g. over a period of 
several months. The symptoms produced by alcohol after administration 
of antabuse are probably due to interference with the oxidation of alcohol 
so that abnormally high levels of acetaldehyde arc produced in the body. 
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This report is mainly concerned with the symptoms produced when alcohol 
is ta4S after antabuse. 5 to 10 minutes after mgesUon of a moderate 
amount of alcohol (20 g. of ethyl alcohol),there is a 
the face, accompanied by flushing of the face and upper part of the body, 
Sth throbbing of the head and neck and acwlerated pulse After larger 
doses of alcohol (40 to SO g. of ethyl alcohol) nausea may begin 30 to 60 
minutes after the cardiovascular symptoms and may result m copious vomit- 
ing A considerable faU in blood pressure may occur. The duration of the 
symptoms may last from half an hour to several hours but after a few houre 
sleep the patient feels completely well a^in. Antabuse will prove a valuable 
adjunct in the treatment of the alcoholic patient. s. L. w. 


Curare; A Method of Assay Using Rats. M. G. All mark and 
W. M. Bach in ski. (/. Amer. pharm., Ass., Sd. Ed., 1949, 38, 43.) 
A unit consisting of 15 separate compartments floored partly with wire 
netting and partly with galvanised iron and fitted with a cover to keep the 
rats in their respective compartments was attached to a frame at a 60 
angle. Commercial samples of intocostrin and rf-tubocurarinc chloride were 
used for .the tests, diluted with water to a concentration required to produce 
responses when injected subcutaneously into each xaL After injection, each 
rat was placed in a separate compartment and observed for 20 minutes; 
if it fell off the wire netting within this time it was considered a reactor. 
It was found that -very few rats fell off after 20 minutes. To test the 
validity of the method several three-dose assays were carried out using 15 
rats on each dose. d-Tubocurarind chloride was used as a standard for 
each assay. Results were tabulated and the methods of Bliss were followed 
in making the calculations. The slopes of the regression lines were found 
not to differ significantly for the 10 assays reported and in no assay did 
the slope of the regression line for intocostrin differ from that of d-tubo- 
curaiine chloride, nor could it be detennined that the weighted means of the 
slopes differed, indicating that the responses in rats are the' same for both 
products. Further tests of accuracy were recorded using solutions of known 
potency. The mean actual error for these assays was 5-7 per cent. Changing 
the slope of the frame to 75° did not increase the accuracy of the method. 
It compared favourably with the rabbit head-drop cross-over test and the 
mouse method. r? n tt 


Decamethonium Iodide (CIO) in Anesthesia. G. Organe. {Lancet, 
1949, 256, 773.) The use of decamethonium iodide in 150 operations of many 
different types, have established that this drug is a safe and satisfactory sub- 
sUtute for d-tubocuraiine and that it may be used in unselected cases It is 
roughly five times as potent as d-tubocurarine chloride but has a shorter 
effect, and it produces a neuromuscular block which is not affected by anti- 
cholinesterases. A smgle intravenous injection of 3 mg. in fight surgical 
an^thwia produces m most patients good muscular relaxation without unduly 
depressmg respuataon. Its action is relatively evanescent and further infec- 
Uons are made at intervals of 10 to 40 minutes as required The“Se 
depends on the precedmg interval— after 40 minutes a fnrtbpr -> ^ -n 
probably be necessary. Pentamethonium iodi™ a 

bSLg^SraSl'cover! mge^Sf 

cu„H.e St 
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direct effect on the cardiovascular system, even with relatively large doses 
7 vomiting occurs in less than 25 per cent, of patients, post- 
considerably less frequent than after d-tubocurarine 
moride, and there have been no cardiovascular complications. Urinary 

o'^curred in 9 per cent, of patients. All the 
anaesthetic agents have been used with no obvious difference in 
ttect and a mixture of decamethonium iodide 4 mg. with thiopentone 
1 g. has been used successfully. s l w 


DextrM as a Plasma Substitute. G. T h o r s e n. {Lancet, 1949, 256, 132.) 
A proprietary form of dextran is described as a 6 per cent, solution of a 
^ y persoid glycose-polymer dextran, in which most of the molecules 
hydrolytically given a molecular weight conforming to that of 
an albumin, with 0-9 per cent, of sodium chloride added. Its viscosity lies 
etween that of blood and plasma, and its specific gravity somewhat exceeds 
tfiat of human plasma. It is non-toxic and does not injure the tissues either 
locally or systematically. After an intravenous injection of 1 or 2 1. of 
dextran the plasma-dextran level rises to 1 to 2-5 g./lOO ml., and after an 
initial fall due to elimination of a low molecular fraction through the 
dneys it falls at an even rate. During the initial renal excretion, when 
about a quarter of the dextran given is excreted, the urine-dextran level 
rises to 7 g./ 100 ml. without sign of renal injury. After that no dextran 
can be detected in the urine, the remainder of the dextran of a higher 
molecular weight being presumably metabolised. In Sweden today the 
hospital transfusion services rely to a large extent on dextran for emergency 
cases. ^ It has been given to 5000 patients, and as much as 4 1. has been 
^ven in a single infusion. Very good results have been obtained both in 
the treatment and prevention of shock, and it is stated to be as good as 
plasma in shock from bums. Its use has not been found to affect fertility, 
foetal development or growth. s. l. w. 


Dimethyl Ether of d-Tubocurarine Iodide, Pharmacology of. H. O. J. 
Collier, S. K. Paris and L. I. Woolf. {Nature, 1948, 161, 817.) 
The dimethyl ether of d-tubocurarine iodide was compared with d-tubo- 
curarine in the following way.s: (1) in the intact mouse, rat and rabbit; (2) 
in a preparation of the rat under nembutal aniesthesia, similar to that of 
Raventos, in which the contractions of the rectus femoris muscle, in response 
to repeated condenser charges applied to its motor nerve, are recorded on 
smoked paper; (3) in the rat phrenic nerve-diaphragm preparation in vitro. 
In the intact rabbit the intensity of action of the dimethyl ether compound 
was shown to be many times greater than that of d-tubocurarine, while the 
slopes of the two duration curves were closely similar, indicating that the two 
substances are removed from their site of action at similar rates. The 
dimethyl ether compound, therefore, has a greater specific action at the 
myoneural junction in this species; this is again shown in the rat, though to 
a somewhat less extent than in the rabbit, by the in vitro experiments on 
the phrenic nerve-diaphragm preparation. In the intact mouse, the myoneural 
junction is slightly less sensitive to the dimethyl ether compound than to 
d-tubocurarine, but the rate of elimination of the former is slightly less than 
that of the latter. In the rat, in vivo, the duration of action of the dimethyl 
ether compound is many times greater than that of d-tubocurarine, whereas 
it has only about three times the intensity of action, which indicates that it is 
removed much more slowly from its site of action in this species In the 
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Raventos preparation of the rat, the weight of the dimethyl ether compo^d 
required to reduce the tension of the muscular response to a given extent rras 
one-third to one-half that of rf-tubocurarine, ^ch drug ^s admn^ered 
by insular cannula, and the reduction lasts considerably longer. Liga ion ot 
Se renal arteries and veins in the preparation prior to administration o 
either substance increases duration of action of each 

recovery of the muscular contraction. The dibenryl and di-isopropyl cthere 
of d-tubocurarine iodide were prepared. The dibenzyl compound exhibited 
in the mouse about one-third the activity of d-tuhocuranne and abom one- 
half the intensity of action in the rat and the rabbit; it did not cxhitot any- 
more prolonged action. The dimethyl ether of I-bebeenne di-mclhochlonde 
was also prepared. The ED50 and LD50 of this compound were found to 
be about twice those of d-tubocurarine. It was three times as potent as 
d-tubocurarine in reducing tension of muscular contraction in a Raventos 
preparation, and the effect lasted four times as long. s. l. w. 


Local Ansesthetics, a Comparison of. H. S. Hamilton, B. A. 
Westfall and I. K. W. Ferguson. (J. Pharmacol, 1948, 94, 299.) 
A new series of indices, to be called Relative Ratings (R.R.) is proposed for 
the comparison of potency and toxicity of local auccsthetics in relation to 
cocaine or procaine. For each the drug of reference should be named, e.g., 
the Relative Rating w-ith reference to cocaine should be designated R.R. 
(cocaine). In addition, the bases of comparison should be specified in tables 
or in the text. Example for any drug X : 

= Relative Toxicity (cocaine) or Toxicity relative to cocaine. 

LDSO of X 

EC50 of cocaine ^ ^ • 

• = Relative Potency (cocame) or Potency relative to cocame. 

EC50 of X 


Then; 


Relative Potency (cocaine) 


Relative Rating (cocaine). 


Relative Toxicity (cocaine) 

LD50 values (by intraperitoneal injections in mice), tissue to.xicities Xby intra- 
dermal injections in guinea-pigs), and EC50 values for infiltration anesthesia 
(by intradermal injections in guinea-pigs), and surface anesthesia (of the 
guinea-pig cornea) were determined for procaine, metycaine, monocaine, 
naphthocaine, butacaine, octocaine, cocaine, amethocaine (pontocaine) and 
cinchocaine (nupercaine). The LD50 values decreased in magnitude in the 
order given. Adrenaline hydrocWoride in solution w-ith each anesthetic 
mcreased the systemic toxicity of procaine and metycaine and 
decreased the toxicity of amethocaine and cinchocaine significantly 
but had no effect on the toxicity of the other drugs. From these’ 
determinations Relative Rating indices for the 9 drugs are defined and 
estimated by the authors for infiltration anesthesia, localised block anesthesia 

relatively new drugs naphthocaine 
(MiethyIammoethyl-4-atruno-l.naphthoic acidi and octor^rn,. o i ^ , 

wSssrsrsrsf J, ?■ 
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as bronchodilators and possessing little or no pressor activity, the methoxy- 
phehyl/Mpropylamines appeared most interesting. The intravenous toxici- 
des, pressor actions and bronchodilator properties of 14 of these amines 
are recorded. or/ho-Methoxy-p-phenyl/jopropyl methylamine hydrochloride 
(Orthoxine), because of its high activity and low toxicity, was investigated 
further. Perfusion experiments with constrictor agents on isolated lungs 
showed it to be a much more effective agent than ephedrine for relieving 
bronchoconstriction. Using isolated strips of jejunum or ileum, it was 4 to 
8 times as effective as ephedrine in relieving intestinal smooth-muscle spasms 
induced by histamine, acetylcholine and barium chloride, and 5 times as 
effective in quieting the normal contractions of unstimulated intestinal muscle. 
On the non-pregnant uterus it was only half as active as ephedrine in stimu- 
lating the muscle to contraction. It produces little or no pressor response, 
and 4 times as much orthoxine as ephedrine must be administered to normal 
dogs to produce the bradycardia cbaracteristic of the latter. Intestinal smooth- 
muscle tests indicate that it possesses anti-histaminic properties of the order 
of 1/20 that of beaadryl but much greater than that of ephedrine. Its 
toxicity, chronic and acute (except for higher intravenous toxicity), is of the 
same order as that of ephedrine. The authors suggest that the drug may 
be of value in the treatment of asthma, and clinical trials are being carried 
out. s. L. w. 


BACTERIOLOGY AND CLINICAL TESTS 

Dithiocarbamic Acid Derivatives: Action Against Human Pathogens. 
C. R. Miller and W. O. Elson. (J. Bact., 1949, 57, 47.) The activity of 
compounds in this group against plant pathogens prompted the investigation 
of their in vitro activity against human bacterial and fungal infections. The 
substances tested included series of dithiocarbamates, thiuram monosulphides 
and thiuram disulphides, and a number of miscellaneous sulphur-containing 
compounds. The most active antibacterial compounds studied were tetra- 
methylthiuram disulphide and sodium dimethyldithiocarbamate, their activity 
being greatest against Streptococcus pyogenes, much less against Str. frecalis, 
S. aureus and Eschericha coli, and weakest against Pseudomonas aerugi- 
nosa. Th6 same compounds were also the most active against the fungi 
tested. Trichophyton gypseum being most affected, Epidermophyton floe- 
cosum, Microsporum cams, Sporotrichum schenckii, Blastomyces dermatitidis 
much less, and Candida albicans least. B. T. B. 

Quaternary Ammonium Snlphonamides, Antibacterial Actions of. C. A. 
Lawrence and G. R. Goetchius. (7. Amer. pharm. Ass,, Sci. Ed., 
1948, 37, 424.) Six members of a series of compounds of the general structure 

[RCH, ^ SO,NR'R"]+ Br- 

have been examined for antibacterial action against a number of organisms. 
The two most active compounds were those in which R = tetradccylm- 
methylamino-, R' = R" = H, and R = pyridine, R' = dodecyl, R = H- 
These two compounds were highly active against both gram-positivc mo 
gram-negative organisms but not against Pseudomonas (cruginosa. The 
antibacterial actions of these compounds arc di 
ammonium component in the molecule and not to thi 
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PHARMAKOLOaiSCHE METHODEN by L. Ther. Ep. 443 and lodes. 
WissenschaftUche VerlagsgeseUschaft in.b.H. SluUgart, i949. 

This book a product of post-war Germany, should be of interest to 
those pharmacologists, physiologists, and others concerned wife Ae tech- 
niques of experimental investigation of the properUes of medicinal sub- 
stances. The volume has many good features to recommend it as a pracUcal 
book of reference, or a guide book to laboratorj’ procedures, not least ot 
which is the presence of some 244 line drawings of apparatus or techniques, 
and the citing of over 1,200 references to original literature descnbing 
technical procedures. The apparatus depicted is somewhat out of date, 
many of the blocks dating from the time when the favourite mode of heating 
depicted was a small Bunsen flame. The text deals mostly with continental 
methods with a preponderance of Teutonic origins. It is of interest Aat 
nothing much more recent than a decade ago is described. The descriptions 
apply briefly to a multiplicity of methods rather than provide an ad^uate 
description of any one procedure. The chapter on testing of veimicides is 
interesting, that on striped muscle singularly inadequate. The others vary 
in quality. There is no evidence of acquaintance with any of the recent 
advances in physics, biochemistry or operative procedures in this volume. 
The chapter on the handling of common laboratory animals is useful, though 
the rhesus monkey might have been included with advantage. The type 
and paper are good, the binding of a lower standard. The book might be 
described as a useful guide to the more classical methods of investigation 
of drug action, with a particular interest for the teacher of pharmacology on 
account of the description of several useful methods of demonstrating the 
action of drugs on tissues. J. D. P. Grahaxi. 

A TEXT BOOK OF PHARMACOGNOSY, by G. E. Trease. Pp. VUI-Sll 
and Index. Fifth Edition. Bailliere, Tindall and Cox, London, 1949, 30s. net. 

A perusal of this text-book shows the wide field covered by modem 
pharmacognosy. Besides descriptions of a large number of vegetable and 
animal drugs, information is given on such varied materials as cotton, silk 
and surgical dressings, bacteria and .fungi (including Penicilliuni spp. and 
yeast), chalk and kieselguhr, shellac, gelatin, beeswax and spermaceti, wool 
alcohols and gums; in short, the raw materials from the vegetable and 
animal kingdoms which go to furnish the pharmacist with his dressings, his 
vaccines and antibiotics, his plant insecticides and cosmetic creams, as well 
as the usual tinctures, infusions and tablets, pure alkaloids and crystalline 
products like picrotoxin and tubocurarine. The arrangement of the informa- 
tion is similar to that of the previous edition, the bulk of the book consisting 
of descriptions of crude drugs, etc., arranged in order of Phyla and families'! 
Many of the descriptions include microscopical characters. 

Besides this descriptive part there are short chapters on the history', 
commerce, cultivation, storage and evaluation of crade drugs. There are 
also chapters of a general nature on microscopical technique, constituents 
and extracuon of cmde drugs, and analysis (including fluorescence and 
hromatographic analysis). This information is necessary in order that the 

practitioner may ^ able to apply modem technique both to the description 
and evaluation of crade drags. oesenpuon 

As the author’s aim is to cover the requiremeuts of examination syllabuses 
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one should not perhaps expect much information on more recent work in 
pharmacognosy and additions to the materia medica such as alginates, Ammi 
Visnaga, the Holarrhena alkaloids, Erythrina alkaloids and rutin, but one 
would expect information on thyroid and pancreas, both of which are in 
the new syllabus for the degree of Bachelor of Pharmacy. Apart from these 
omissions the author’s aim is well fulfilled in this book. 

J. W.'Fairbairn. 

PRECIS DE CHIMIE TOXICOLOGIQUE, by F. Schoofs. 2nd edition, 
1948. Pp. 509 and Index. Les Presses Universitaires de Liege, Maison des 
Etudiants, Liege. 

The scope of toxicology, and of toxicological chemistry in particular, is 
so wide that it is in the light of the author’s statements that any volume 
on this subject must be considered. In the preface to the first edition it is 
stated that the book is intended for students as an introduction to the 
fundamental ideas of toxicological chemistry, not as an encyclopaedic 
treatise but as a guide to those poisons which are more frequently encoun- 
tered. As regards practical details it is said that these are given to enable 
“the more important methods used for the detection and determination 
of poisons ’’ to be performed. It must be stated at the outset that, although 
the volume forms a useful introduction to the general principles of toxico- 
logical chemistry and deals with a wide range of poisons it would, in the 
opinion of the reviewer, be of limited value to anyone confronted with 
the actual task of toxicological analysis. 

The work is divided into eight chapters: (I) general discussion; (2) gaseous 
substances; (3) volatile poisons and poisons isolated by distillation; (4) acids; 

(5) poisons extracted by immiscible solvents; (6) metallic poisons; (7) non- 
metallic poisons; (8) the purity of reagents. The first chapter on generalities 
is, to a chemist, one of the most useful in the book. It includes a discussion 
of the various routes of absorption and excretion of poisons, of the relation 
between molecular structure and toxicity, and contains some notes on the 
general precautions to be taken in toxicological analysis. It is to be regretted 
that the volume does not contain more references to the original literature. 
Most of the references are to text-books and little is given of recent analytical 
procedures and in particular of methods capable of detecting and estimating 
small quantities of organic and inorganic poisons. In dealing with lead, 
for example, useful notes are given on acute and chronic poisoning, on the 
toxic dose and on the method of elimination. It is difficult, however, to 
appreciate the value of the method given for the detection and estimation 
of lead when one considers that following this the use of a dithizonc solution 
in chloroform is dismissed with the sentence “ Cette solution vertc, agitde 
avec un sel de plomb dissous dans I’acdtate d’ammonium en presence de 
cyanure de potassium, donne une coloration rouge.’’ Some sections, such 
as that on alcohol, are well written and fairly comprehensive, although 
that on barbituric acid derivatives occupies only six pages, a small number 
in view of the present day prevalence of this type of poisoning. The book 
is bound in paper covers and almost all of the pages require cutting. The 
editing and proof reading have been well done, although the formula for 
D.D.T. (p.396) is wrongly given. It is likely that this volume will be mostly 
useful in providing an account of the pharmacological action and general 
chemistry of a fairly wide range of poisons. 
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Dolcin* tablets contain calcium succinate 2-8 gr.. and acetylsalicyhc ac\d 
3-7 sr and are advocated for use in the treatment of rheumatic conditions 
This succinate-salicylate therapy is based on the theory that the widespread 
systemic disturbance seen in some forms of arthritis is due to an alteration 
in tissue metabolism and respiration. Calcium succinate counteracts th^e 
effects by sliniulatine oxygen utilisation by the tissues, it also averts the 
depressant effect of klicylates on blood prothrombin. Dolcin is indicated 
in the treatment of rheumatic fever; articular rheumatism, including rheuma- 
toid arthritis and osteoarthritis; non-articular rheumatism, including fibre- 
sitis, neuritis, lumbago and sciatica; arthritis associated with the menopause 
and’ gout. The initial dosage is 3 tablets four times daily, reduced to 2 
tablets four times daily when the acute symptoms have subsided. The tablets 
are usually well tolerated and side-effects are rare. The tablets are issued 
in bottles of 100. s. L. w. 


Folybden* Tablets each contain 1-7 mg. of folic acid and 3 gr. of molyb- 
denised ferric sulphate. The addition to the iron of traces of molybdenum 
is stated to produce an increased rate of hiemoglobin formation. The tablets 
sre stiggested for use is the ireatmss} of xeSxssisxry oormocyiic zsremizs 
when satisfactory hsmoglobin regeneration is not produced by the admini- 
stration of liver extract or of folic acid alone. The dosage is ] tablet 
three times daily after meals. s. L. w'. 


Genabrom* is a sedative preparation, one teaspoonful containing 7+ gr. of 
sodium bromide in concentrated yeast extract. When stiired with hot water 
it forms a palatable soup-like beverage. It is indicated in nervous conditions, 
such as hysteria, anxiety states, irritability, nervous vomiting, travel sickness, 
neurasthenia, and wherever a sedative is required. For insomnia, one or 
more small teaspoonfuls are dissolved m a cupful of warm water before 
retiring. Large doses may be given in epilepsy to lessen the frequency and 
severity of attacks. It is issued in jars containing 45 and So g. s. l. w. 


Lantigen* is a desiccated bacterial vaceme for oral use containing antigenic 
substances prepared from a selected group of freshly isolated 
bacterial species chosen for their strong antigenic properties. The 
vaccine is presented as a slightly opalescent colloidal solution, containing 
as preservatives 0-1 per cent, of phenol- and Q-Ol per cent of 
mercurithiosahcylate. It is claimed that the vaccines are absorbed by 
the alimentary mucosa and that their action is not impaired by diaestion 
^ antibodies are produced before digestion begins. Th^. vaccines should be 
taken daily and the dose shoifid be retained in the mouth as long as possible 
before swallowing, since the immediate local immumsino resDonse obtained 

pS;a;"ra?foW- 

«‘r” f t nasopharyngeal catarrh anq chronic bronchitis- 

skS f pathogenic origin; “D” for staphylococcal 

skm infections. E, for hay fever and asthma; “ F," for whooping cough. 

’ S. L, \V. 


IS 
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magnesium trisilicate, magnesium hydroxide, and 
Vl 5 intended to be swaUowed but to be eaten hke a 

aL convem^enL irritation of the gastric mucosa, 

f admmistration. Cartons are issued containing 12 tablets. 

s. L. w. 


fo??rStoin;^trJ?^™‘ methylephedrine hydrochloride suitable 
eSed?hie^n S, advantages over 

of enhedrini-^r’^ pressor action is approximately only one-tenth that 

f uTrSeT’slii, ""“tral nervous system; (3) it has 

seMndaw effect on respiration, and there is no 

the bronJb^al f ephedrine. It is indicated for the relief of 

average dosfhS’nn f especiaUy in hypertensive asthmatics, the 

Clinicll ® 1 tablet &ree times daily, with lor 2 tablets at bedtime. 

SldreJ indicated its value in the treatment of enuresis in 

children. It is supphed m tablets of 2/3 gr. in bottles of 25, 100 and 500. 

S. L. W. 

^ compound undecylenate ointment for the treatment of 
Undecylenic acid is not only effective against 
nrnnlivin^-^ fongi but It possesses the blandness essential for prolonged 
and treatment, and being relatwl to the normal constituents of 
oes not cause irritation of the skin. It is also active over a wide 
resistant to dUution by bathing and perspiration. In addi- 
non to the zmc salt of undecylenic acid, the ointment contains the fungicide 
c naphthenate, mesulphen, which possesses keratolytic properties, methyl 
sa cy a ^terpmeol, and a small quantity of phenylmercuric acetate as preser- 
va ive. Tmeafax Powder, which is used in conjunction with the ointment, 
contains 10 per cent, of undecylenic acid, as the potassium salt, in an inert 
ase. The ointoent is applied night and morning, the powder being dusted 
on ^ftcr the ointment has been rubbed in. The powder may also be used 
prophylactically by dustjng into stockings, socks and shoes. The majority 
of cases of infection are cleared by thk treatment in 7 to 21 days. The oint- 
ment is supplied in 1 oz. collapsible tubes, and the powder in 2 oz. tins. 

s. L. w. 


Trimetron; A New Ahtihistamiiiic Drug. I. W. Schiller and F. C. 
Lowell. (New Eng. J. Med., 1949, 240, 215.) Trimetron, 1-phenyI-I- 
(2-pyridy2)-3-dimethylaminopropane, has been shown in animal experiments 
to combine high antihistaminic activity with low toxicity. The authors now 
report the results of clinical tests on 84 allergic patients of either sex, 
ranging in age from 5 to" 60 years. Doses of 25 to 125 mg. were given orally 
for several weeks. All of 12 patients with urticaria obtained satisfactory 
relief. Of 55 patients with perennial allergic rhinitis satisfactory or partial 
relief was reported by 47; the 3 reporting partial relief were not improved 
by increasing the dosage; 13 of 15 hay fever patients also obtained satis- 
factory or partial relief. Side reactions, chiefly drowsiness and dryness of 
the mouth, were mild; they, occurred in only 10 patients. The drug is 
considered to be particularly useful in the treatment of perennial allergic 
rhinitis. H t. b. 
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REVIEW ARTICLE 
analgesics : SOME DEVELOPMENTS 
By a. D. Macdonald, M.D., M.A., M.Sc, 

Leech Professor of Materia Medico, Therapeutics and 
PhaTmaeoiogy in the Uniiersity of Manchester 
■ Member o) ibe Plwrmatftpttsa Comnussioa 


Introduction 


At a time which Dale has called the golden age of therapeutics, when 
chemotherapy is making one spectacular advance after another, it is 
still important to remember how much of medicine is concerned with the 
treatment of symptoms. The relief of pain will of course follow the cure 
of the disease, but this may be slow while the pain is urgent and the 
Etiology still obscure. Analgesics may be defined as drugs which reduce 
or reliwe the sensation of pain without producing loss of consciousness 
or parallel depression of other senses. Thus general anesthetics, while 
used at times, as in labour, for escape from pain are not true analgesics 
nor are they desirable in the everyday treatment of pain. 

Local antesthetics ate also now of established value in the treatment 
of such localised trouble as fibrositis, and skilled and experienced 
practitioners can often give remarkable and sustained relief by such 
injections. There has been some use of local anssthetics intravenously 
in the relief of pain. This is difficult to justify pharmacologically, for 
these drugs, apart from cocaine, which is manifestly unsmtable for such 
application, are rapidly cleared from the blood-stream and fail to follow 
the Hughlings Jackson “law” in their action. Instead of the usual 
desfiewding, patatya* produced by narcotics — descending in the. sense, 
that the most recently developed and highly specialised functions of the 
central nervous system are the first to be depressed — ^intravenous local 
anesthetics are quite liable to paralyse respiration in doses which scarcely 
affect spinal reflexes. It is true that analgesics similarly break the “ law.” 
Adrian^, while doubting whether pain is as much appreciated at the level 
of the thalamus as Head maintained, agrees that since . . . “ Pain needs 
no learning to mcrease its potency. This must be due to a direct effect 
on the basal ganglia.” Analgesics should therefore act at this level 
as on the cerebral cortex, but while there is presumptive evidence of 
selective effects, there is need for something like tracer technique to 
establish real localisation of drug action. Probably by introducino- a 
radioactive isotope into the analgesic molecule, the concentration of the 
drug could be estimated in the tissues even in great dilution, and its fate 
followed. 


Methods of testing the potency of analaesic druas are numeroi 
mere long series of related compounds have to be'' compared sor 
ammal screening is first necessary-. The promising drugs may then 
assessed comparauvely on human volunteers, as fn a recent naner ^ 
Prescott ef aP. Probably even such results in man require cheeldn.^ ; 
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experience in the actual relief of human suffering before much weight can 
be attached to them. 

Screening tests have been carried out on, all sorts of laboratory animals, 
and a variety of painful stimuli 'have been tried of which heat in one form 
or another has been most popular because of the precision with which 
it can be repeated and measured. It is important that the intensity and 
duration of the stimuli should be such as to cause no tissue damage, 
since such would inevitably lead to changes in threshold. Fortunately 
there is no need for stimuli of such severity. In assessing possible 
analgesic value the toxicity of the proposed remedy and any side' 
actions which it may elicit must be taken into account, but it may not 
be possible to appreciate such considerations till chnical trials are 
instituted. In man, heat may be applied, till pain is felt, by the use of a 
resistance coil or by focusing the light of a powerful lamp on a fixed 
area of blackened skin. Other methods preferred by some workers for the 
study of analgesic action consist of assessments of the modification of 
the pain which the drug affords when pain is elicited by injections of 
hypertonic saline or by muscular contraction in an ischsmic limb. 
T^ese and other methods are listed with numerous references in the 
recent chemical review of the synthetic analgesics by Bergei and 
Morrison®. There is abundant evidence that there is liable to be a 
large psychological element and a substantial individual variation in all 
such assessments, so that rigorous controls are necessary. 

While analgesics have been shown to be very active when applied to 
the mid-brain directly, in quite small doses, the precise mechanism of 
their action is still unknown. Unlike most narcotics, analgesics have 
little effect on the oxygen consumption of the brain slice and little effect 
on choline-esterase systems, but they may block the availability of amino 
acids or other essential metabolites to certain nerve-cells. 


Opiates 

Opium has been used in the relief of suffering for at least three thousand 
years. It is nearly ISO years since morphine was isolated from opium. 
Yet as recently as 1938 Fourneau^ claimed that morphine and a few o 
its derivatives could alone be considered true analgesics. The coal-tar 
antipyretics, widely used for certain nerve and muscle pains, seemed so 
far behind opium in the relief of pain associated with organic disease 
that Fourneau suggested they be called “ antalgics, while he cal e^^ 
cannabis and the related tetrahydro-cannabinols “ euphongemcs, 
euphoria being the most striking part of the effects they normally produce. 
The hemp drugs have a definite analgesic action in animals but, rmne 
curiously, increase in dosage does not enhance this analgesic dice . 
(Davies, Raventos and Walpole®.) They have a long histoiy' m 
therapeutics, and the synthetic compounds may bring them 
the fore (Macdonald®, Arison, Morrison and Parkes')- 
is scheduled \rith the dangerous drugs and is known to be a jrequ 
drue of addiction it is claimed to be free from any such risk in tnera- 
pcutics, but its applications there have been so wide that one hesita^s 
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to accept them. Its value in the amelioration of mood in mental 
disorders appears to be established. 

The literature of the opiate;; is enormous, and no attempt to review 
it can be included here. The United States Public Health Services cover 
it in two large volumes (Kreuger, Eddy and Sumwalt**). In experimental 
animals, the action of opium and of total opium alkaloids is substantially 
the action of the morphine they contain. Potentiation by the other 
alkaloids is hard to demonstrate, and so is potentiation by neostigmine, 
though this has been claimed. Such use of a choline-esterase inactivator 
is the more revolutionary in that for many years it has been customary 
to give atropine or hyoscine with morphine to reduce its side-actions if 
not to enhance its analgesic effects. Many experienced physicians use 
morphine almost exclusively. 

Many workers have published tables in which the analgesic activity of 
a series of drugs is assessed numerically in terms of morphine. Such tables 
may be misleading. Here let it be stated that the ideal analgesic is not 
established by a claim that it is, say, six times stronger than morphine. 
Morphine is usually strong enough. What is wanted is a drug which has 
morphine’s anxiety- and pain-relieving qualities together with less or 
none of its undesirable side actions. Morphine lies open to criticism 
in that it is liable ; — 

(1) to depress respiration. 

(2) to produce nausea and vomiting. 

(3) to be constipating. 

(4) to produce tolerance and the chance of addiction. 

(5) to increase itching and skin irritation. 

(6) to be dangerous in susceptible subjects and young children. 

A substance like codeine (mcthylmorphinc) though it has only I or less 
of the analgesic power of morphine, is often preferred because of its 
relative freedom from these side-actions. Diamorphinc (diacctyl- 
morphinc) on the other hand, though a powerful and reliable analgesic, 
leads to habit formation so frequently and so quickly that its manufacture 
and importation arc forbidden in the United States. There is a 
considerable movement to ban it similarly here, because of recent evidence 
of increased consumption and increasing addiction in various other 
countries. Mono-acetylmorphinc is about four times as active as 
morphine when assessed by the methods of Hardy and WoliT (irradiation 
of blackened skin) or Smirk and Alam (pain produced by exercise of 
ischaemic limb), yet produces only “ a moderate euphoria,” much less 
nausea and vomiting, and allows of increased voluntary muscular effort 
in the presence of severe pain. 

Dihydromorphinonc (Dilaudid), and mcthyldihydroinorphinone (Meto- 
pon), arc in the diamorphine class or better as regards relieving pain. 
They arc cfrcctivc in the late stages of malignant disease, and good by 

ScUon certainly provoke 


The atiempts ,0 modify the structure of morphine in such a wav a 
to reheve „ of ,ts stde-aetions but retain its analgesic value clZ7l b 
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said to be strikingly successful though much research has been directed 
to this problem.^ Where the chemist has been successful in increasing 
the analgesic action by his manipulations, his product has usually shown 
increased toxicity, though not always a parallel increase in the two actions. 
As a rule the increase in potency is accompanied by a decrease in duration 
of action. Many regard the search for an analgesic which is not a 
potential drug of addiction as futile, but there is a sustained effort to 
find a morphine substitute which is less depressant to the respiratory 
centre. The failure so far to synthesise morphine in spite of attempts 
by many distinguished chemists has probably been a major difficulty 
but Gulland and Robinson® here and Grewe^® in Germany have made 
marked progress. There is an alternative method of investigation — 
to try and identify the basic part of the morphine molecule with which 
^ analgesia is associated and then test various chemical modifications of 
this for potency. 


NCH, 



Morphine. 


OH NHj 



/3-Hydro\y-a;j3-dipheny)ethyIamine. 


NCH, 



Pethidine. 


This is the technique so successfully followed by Dodds'^ in the 
development of the synthetic cestrogens. In the case of morphine he 
believed that diphenylethylamine was the core of its efficiency, and 
tested 18 compounds by the Hardy-Wolff and other techniques. Peak 
activity was found in hydroxydiphenylethylamine, which gave complete 
relief in doses of 200 to 400 mg. four hourly.” At first this looked 
promising but later it appeared that many forms of pain were uninflu- 
enced by these drugs though in mah'gnant disease they were claimc 
to be of special value. In comparative tests in animals they show no 
significant activity. 

PETHIOrNE 

pethidine was introduced (Eisleb and Schaumann^^), not as an analgesic 
but as a spasmolytic. Its original name was Dolantin and it was 
introduced here as Dolantal, in America as Demerol. Its ability to 


572 



A>!ALGES1CS: SOME DEVELOPMENTS 

relieve pain was discovered later, and its rather remote chemical 
relationship to morphine suggested. Though as an analge^c it seemed 
to be in the codeine rather than in the morphine class, (Woolfe and 
Macdonald^^), the facts that it had any real pain-depressing activity and 
that it provided a convenient molecule for modification by the synthetic 
chemist gave a fresh impetus to research in analgesia. Pethidine was 
the best of Eisleb’s compounds as assessed by Schaumann^^’. A long 
series of related compounds synthesised by Bergel and his team were 
assessed pharmacolo^cally by Macdonald and Woolfe^®. Some had a 
longer action on mice than pethidine and some had a slightly stronger 
action— notably 2'-methylpethidine— but although certain of these 
derivatives received some clinical encouragement (Glazebrook and 
Brantwood^®) the differences were not sufficiently great to be very im- 
portant. Since then an ethyl ketone, Hoechst No. 10720 (ketobemidone) 
has been claimed to be ten times as active as pethidine, and has had a 
promising clinical trial (Kirchhof^’O- 

Pethidine is of established value in relieving the pain of labour, and 
this may be related to its additional action as a spasmolytic. When 
combined with gas and air in doses of 100 mg, to 200 mg., however, 
it is reported to double the incidence of asphyxia neonatorum and the 
same risk is recorded on a much larger series when used ivith trichlor- 
ethylene^®. 

Is it therefore concluded that the routine use of pethidine by midwives 
cannot be approved. Whether the disadvantages of pethidine can be 
avoided in the new compound ketobemidone (Hoechst 10720) or in 
some of the heptanones or hexanones is still uncertain. The demand 
for a safe and reliable analgesic for use in the conduct of labour is 
insistent, and the use of inhalers for nitrous oxide or trilene without 
preraedication seems to be reasonably satisfactory in some eighty per 
cent, of cases. This problem is now receiving widespread attention. 


Amidone and Related Cosipounds 


Armdone (Hoechst 10820) also known here as miadone and physeptone, 
and in America as methadon, adanon and dolophine, was revealed 
during the investigation of I. G. Farbenindustrie^® at the end of the 
war. This compound agam stimulated a fresh outburst of research. 
It was found to be at least as powerful an analgesic as morphine, yet 
less hypnotic. Its use however is often complicated by prolonged 
nausea and voimung, and today it may be more important as a source 
of new compounds which may retain analgesic efficacy yet be free from 
these unpleasant side actions. Of such isoamidone, which was discarded 
by the onginal Hoechst workers has had favourable reports both here 
and in America®-^® and 2-dimethylaraino-5-acetoxy-4 : 4-diphenylheptane 
and the 2-morpholmopropyl compound (C.B. 11) are relatively free from 
unpleasant toxic effects. 


It is a pity to find the latter (Phenadoxone, Heptalgin,) advertised as 

such r if certain animal tests confer 

such a ratio. It is much more important to be assured that the acute 
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drowsiness witr^fuU^^dSage'Tre^”^ 

serious respiratory depression anH freedom from 

ry depression and constipating action is freedom indeed. 



CH, — CH — CH. 
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/^\ 
HnC 


CH, 


H,C CHj 


9 — CO — CH. — CH, 


Phenadoxone. 


found^t^af^^ Hunter^^ comparing amidone, phenadoxone, and pethidine 
suhrVofc xxrh ^™done only relieved ischsemic pain in six of ten 

weri hPt+ plienadoxone relieved nine of the ten. Both 

eimtir«t-:<T + 1 ,^° Pethidine, but this was strikingly more 

euphongenic than the newer drugs. 

The optical isomers of amidone have been prepared (Thorp e/ a/.-‘) 
and compared with the racemic forms (Thorp^^). The Imvo-isomer is 
responsible for the effects of amidone on the central nervous system, 
wlule the dextro compound shares equally in the spasmolytic, local 
anmsthetic and toxic actions on the circulation (but not on the respiration) 
in expenmental animals. 

No important recent developments have taken place in Fourneau's 
antalgics. Amidopyrine is probably still the most potent but has 
lost ^ favour because of its occasional effects on the bone-marrow. 
Aspirin is still the most widely used, yet phenacetin is regarded by 
critical observers as a more effective drug, though little used by itself. 
These two, in combination with a little codeine, at present enjoy an 
enormous vogue but there is some doubt whether the claimed “ poten- 
tiation in such mixtures will bear pharmacological scrutiny. 

The barbiturates which were at one time claimed to be analgesic as 
well as hypnotic have failed to live up to any such claim except in 
anaesthetic doses — the use of the shorter-acting compounds as intravenous 
amesthetics is undoubtedl}' a major advance. The barbiturate-antalgic 
combination, so bitterly opposed in the past by Willco.x, has been 
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restricted by the inclusion of barbiturates in Schedule IV of the Poisons 
Act and by the wide publicity given to the toxic risks of amidopjTine 
which is similarly scheduled. Wayne-^ has recently emphasised the risks 
involved in the abuse of such drugs. 

Most new analgesics, whether related to morphine or not, have been 
introduced as “ free from morphine's tendencies to produce tolerance 
and addiction.” None has seriously stood up to critical tests of such 
claims— perhaps it is too much to expect of an analgesic. But the 
advances in this field in the past ten years are full of hope and promise, 
and whether an approximately ideal drug will be provided by the acetylated 
alcohols corresponding to the ketones of the amidone group, by some 
other derivative or in some quite different way. it will surely be found 
in due course. 
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dimercaprol (2 : 3-dimercaptopropanol, BAL) 
, ^ ® toxicity of compounds of arsenic to animals 

enzyme systems (Peters. Stocken and Thompson^; Stocken and 
Thompson ; Fitzhugh, Woodard, Braun, Lusky and Calvery"; et al.). A 
num er of 1 . 2-dithiols and three a : (o-dithiols not previously studied have 
been examined for toxicity and anti-arsenical activity, and the results are 
reporte here. Some of the dithiols were prepared from the correspond- 
ing acetylated dithiols, and as it seemed possible that deacetylation might 
occur m the body, the activity of the acetylated dithiols was also exam- 
me . In order to have an adequate basis for this study, the activity of 
imercaprol and dimercaprol glucoside (BAL-Intrav) was first explored 
in some detail. 

The compound of dimercaprol and oxophenarsine is more toxic than 
oxophenarsine alone (Peters and Stocken^; Friedheim and VogeP), and 
the^ toxicity of this compound has been examined further. Its high 
lOxicity suggests that circumstances may exist in which dimercaprol 
potentiates oxophenarsine poisoning. This possibility has been examined, 
as has the possibility of potentiation by other dithiols. 


Methods 

Mice weighing 17 to 25 g. were used. They were kept at a tempera- 
ture between 20° and 24°C. during and after experiments. They were 
fed on a standard diet of cubes of the following composition: — wheat 
bran, 19-2 per cent.; wheat ground middlings, 19-2 per cent.; Sussex 
ground oats, 19-2 per cent.; ground maize, 9-5 per cent.; ground barley, 
9-5 per cent.; meat and bone meal, 9-5 per cent.; skim milk powder, 7-0 
per cent.; fish meal, 4-8 per cent.', dried yeast, 1-3 per cent.; cod-liver oil 
0-4 per cent.; salt mixture, 0-4 per cent, (manufacturer’s figures! Food 
was withdrawn on the evening before experiments, and was restored 
immediately after treatment. Except where it is otherwise indicated, all 
poisons were injected into the muscles of the right hind leg, and all thiols 
into the muscles of the left hind leg. Doses were adjusted according to 
body-weight, and have been expressed in mg.-molecules/kg- (mM/kg.) 
to facilitate comparison between the amounts of poison and antidote 
used. The mice were observed at least I, 2, 4, 8, 20 to 2), 28 to 32 

•Present address: Department of Pharmacology, London Hospital Medical 
College, London, E.l. 
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and 48 hours after injecdon in most experiments, and approximate esti- 
mates of the survival time were made from these observations. Deaths 
were rare after 48 hours, and were not included in estimates of the mean 
survival time or of the mortality. The mice were watched until four 
weeks after the day of injection. With one exception discussed below, 
late deaths occurred seldom and erratically, and have not been reported 
as their significance is doubtful. Post-mortem examinations and weigh- 
ing of organs, when performed, were carried out within an hour of death. 
The preparation and chemical properties of the dithiols and acetylated 
dithiols used (Table V) have been or will be reported elsewhere (Evans 
and Owen®; Evans, Fraser and Owen'). Some of the free dithiols (dimer- 
caprol glucoside, 0; 16, O'. 17, 0; 19, 0:20 and 0:24) were prepared from 
their barium salts, and the solutions so obtained were standardised by 
titration in acid solutions at O^C. with iodine (Weatherall and Weatherall®, 
and mfra). The other substances were received pure or nearly pure 
and were generally used freshly dissolved or suspended in olive oil 
or peanut oil. Dithiodulcitol was dissolved in aqueous sodium hydroxide, 
and the solutions were neutralised with boric acid. Certain acetylated 
dithiols (0:11, 0:14) which were difficult to dissolve in oil or in pro- 
pylene glycol were dissolved in diethylene dioxide and the volumes in- 
jected were kept below 1-0 ml. /kg- Otherwise the volumes injected were 
lO'O ml./kg. in toxicity tests and 5-0 ml./kg. each of dithiol and arsenical 
in antidotal tests. The doses reported have been corrected for purity. 
The organic solvents in the volumes used were not lethal and had no 
detectable anti-arsenical activity. 


Results 


I The toxicity of oxophenarsine. 


The LD50 of oxophenarsine by subcutaneous injection in mice is, given 
as 0-164 mM/kg. by Ercoli and Wilson®. Cranston, Clark and Strakosch^® 
give the value 0-17 mM/kg. for intraperitoneal injection and cite the 
manufacturer’s figures of 0-1 mM/kg. for intravenous and about 0-12 to 
0-13 mM/kg. for subcutaneous injection. Eagle, Hogan, Doak and Stein- 
man^^ found an LD50 of 0-165 mM/kg. intraperitoneally. Data obtained 
in the present senes of experiments are collected in Table I and show 
that the mortality after intramuscular injection varied over the range 0-08 
to 0-20 mM/kg. with an LD50 of about 0-14 mM/kg. In two experi- 
ments in which oxophenarsine was injected intraperitoneally in some mice 
and intramuscularly in others there was no significant difierence in the 
mortality on any dose. 


Death occurred more rapidly when the doses of oxophenarsine were 
large, and even with the rather crude measurements of survival time in 
the range studied the means of the logarithms of the survival times \4rh 
approximately linearly related to the logarithm of the dose in grouos in 
which there were no survivors (Fig. 1 and Table I). When some anknals 
survived, the mean survival time tended to be less than the value expected 
for a mortality of 100 per cent. An arbitrary correction for sui^iJom 
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but it is doubtful whether such a procedure would be 
helpful in interpreting the results. 

The weight of the lungs was measured in some of these mice. The 
lungs were substantially heavier than normal in mice poisoned with a 
small dose of oxophenarsine, and only slightly heavier when the dose 
was large (Table I). As the mice poisoned with a small dose lived 
longer, it seems probable that the development of heavy lungs depended 



Fig. I. The relation between log dose and log survival time in mice poisoned with 

oxophenarsine. 

Ordinates — Survival time in log. hours. 

Abscissae — Dose of oxophenarsine in log. mM/kg. 

Each point represents a group of 5 to 10 mice, all of which died. Each arrow 
represents a group of 5 to 10 mice of which at least half died. No allowance has 
been made for survivors in calculating the mean survival time. 

• No treatment 

+ Treated with dimercaprol \Tbe figure against the point gives 

X Treated with dimercaprol glucoside / the dose of dithio! in mM/kg. 

© Injected with an approximately equimolar mixture of oxophenarsine and 
dimercaprol glucoside 

The repression line is that which fits best the points for oxophenarsine alone 

(Y= - 1 07-2-76.r). 

The doses of dimercaprol glucoside arc approximate. 
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TABLE I 


The ToxicrTY oe oxophesa.rsin'e giv'en by intramuscular 


isjEcnos IN ^^CE 


Log survival lime 
of mice djing 


Luog weight 
of truce d>mg 


Dose of 
oxopheaarsme 


Total mortality 
Ko. dying/tolal No. 


I * Log 

’ Mortality Hours 
\ MirS.H. 


Number 

of 


mg./g. 
body wt, 
M~:S.E. 


0 

Normal 

Mice* 

— 

0*067 

0/15 

0 

— 

O'OSO .... .. 

4/9 

44 

4/9 

0-093 

1/5 

20 

— 

0*107 

2/8 

25 

■*— 

0*113 

4/19 

21 

3M0 

0-120 

6^1 

29 

5/15 

0'i33 

26/48 

54 

7/10 

16/20 

2/8 

0-147 

15/30 

50 

4/10 

8/10 

0-153 

8/20 

40 

5/10 

0-160 

15/18 

' 83 

— ~ 

0173 

15/17 

88 

10/10 

0 -ns 

6/15 

40 

5/10 

0*187 

38/43 

89 

6/6 

A/O 


tone 

8/10 


0*200 

80/82 

98 

10/10 

10/10 

8/8 

10/10 

0-250 

34 34 

100 

10/10 

0*267 

16/16 

100 

10/10 

0-320 

10 10 

)00 

10/10 


— 

10 

6*6i0-32 

l-25:r;0-19 

n 

12-2-2-46 

— 

— 


0-94— 



— 

I-OS-O-IS 

4 

lO-O 

1.09i0-10 

— 

— 

0-95-0.07 

— * 

— 

1-32 

0-94i0-10 

4 

8-2i0-66 

l-niO-lO ' 

— 

— 

l-23i0-13 1 

— 

— 

, 

— - 

— 

1-03=0-08 

— 

— 

o-95io-ii ; 

— 

■ — 

0-96=0-10 ‘ 



0-97=0-16 

— • 

— 

1-04=0-09 

10 

6-6±0*42 

112=0-10 1 



0-82i0-12 

9 

7-9i:0-39 

1-00 -0 09 

8 

7*li:0‘37 

0-72=0-l8 > 

5 

7*9=:0*4l 

0-73=0-16 1 

— ■ 


0-61=0-10 1 

— 


0-53±0-03 1 



0-44=0-01 ' 

— 

— 


i 


• Killed by breaking neck- 


on the length of life, but conclusive evidence on this point was not 
obtained. 

II. The toxicity of the oxophenarsine-dintercaprol compound. 

As was shown by Peters and Stocken^, when oxophenarsine and dimer- 
caprol are mixed in equimolar amoimts before iniection or given as the 
previously crj^stallised compound, the toxicity is substantially enhanced. 
This has been confirmed for the pure compound given by intramuscular 
injection (Table 11), but it is interesting to note that in rats and mice it 
is not true when the compound is given intraperitoneaUy. In these cir- 
cumstances the compound is actually less toxic than oxophenarsine, the 
toxicity' of which is about the same by either route. After intramuscular 
injection of just lethal amounts of the compound, the mice died if any- 
thing more rapidly than mice poisoned with a (rather larger) just lethal 
amount of oxophenarsine. Their viscera were unusually congested and 
their lungs heemorrhagic and substantially heavier than normal. After 
iniraperitoneal injection some mice had convulsions and died in a few' 
minutes; others sun-ived for a few hours and at death tended to show 
less pulmonary' congestion. Rats showed the same series of symptoms 
and difference in toxicity by intramuscular and intraperitoneal injection 
and again the toxicity' of oxophenarsine by either route was intermediate’ 
Deaths and suiv'ivals obserr'ed after different dosages, in all in a dozen 
rats, do not suggest that the toxicity' in rats is greatly different from that 
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HI. The effect of ditnercapwl in oxophenarsine poisoning. 

The inortalities when various doses of dimercaprol have been given at 
various times after various doses of oxophenarsine are shown in Table 
in. In Figure 2 the dose of oxophenarsine has been plotted against the 

TABLE II 

The toxicity of the oxophenarsinE'Dimercaprol compound and of 

MIXTURES OF OXOPHENARSINE AND DIMERCAPROL GLUCOSIDE IN MICE 


Substance 


Dose 

mM/kg. 


Oxophenarsine. 
dimercaprol * 
compound 


0013 

0-027 

0-040 

0-053 

0-067 

0-107 


Route 

of 

administra- 

tion 


Log survival 
time of 
im'cc dying 


Intra- 

muscular 


Mortality 
No. 

dying/total | , 

No. f-OB hours 
j M±S.E. 

I 


Lung weight 
of mice dying 


0/5 

0/5 

2/20 

2/5 

16/20 

4/5 


0-87±0-049! 


No. of 
Mice 


2 

14 


mg./g. 

M±S.E. 


LD50 = 0-055 mM/lcg, 


I 


I 0-013 
0-027 
0-053 
I 0-107 

I 0- 120 

I 0-213 
0-233 
0-300 


Intra- j 
peritonea! j 


1 


0/5 
0/5 
0/5 
0/5 
1/5 
0/5 

2/9 , — 1 

5/9 I 0-50±0-186l 


14-2 

14-0±^0-80 


I — 

1 E 


LD50 = 0-295 mM/kg 


/ 


II-6 


14-7 

12-0 


1 M A. / e. ^ J ^ 

l____ - 

Oxophenarsine 

D.G. Mixture 
approx 3:1 i 

0-133* j 

I 

Intra- 

muscular 

16/20 

1 

) I-I5-0 08 

' j 

7 

8-1 ±0-59 

Oxophenarsine 
' D.G. Mixture 1 
approx, 3:4 

0 133* ' 

i 


H/20 

j l-23±0-09 1 

7 

8 5±0-3l 

Oxophenarsine j 

alone j 

0-133 1 

, •• 

16/20 j 

1 0-95±0-07 I 

V J 

7-7±0-53 


• mM/kg of oxophenarsine in mixture. 


dose of dimercaprol with different symbols for mortalities below and 
above 50 per cent- A line has been drawn to separate the two sets of 
points, and therefore gives approximately the LD50 of combinations of 
the two substances. As the LD50 of dimercaprol alone is of the order 
of 1-0 mM/kg., 0-60 mM/kg. approaches the largest dose which can be 
used therapeutically .without itself causing death. This dose is quite 
effective against 0-30 mM/kg. of oxophenarsine, and still has some effect 
even when it is given 80 minutes after a smaller dose of the poison; but 
these are about the limits of its activity. These findings arc in reasonable 
agreement with those of Ercoli and Wilson® under slightly different con- 
ditions. Mice which were treated with dimercaprol but did not survive 
generally lived longer than untreated poisoned mice. This point has 
been explored further, as reported elsewhere (Wcathcrall and 
WeatheralP), and slight but just significant acceleration of death has 
been obscr\’cd when very small doses of dimercaprol were given to mice 
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poisoned with very large doses of oXophenarsine. With equivalent 
quantities of poison and antidote, or an excess of antidote, only pro- 
longation of life has been observed. ui .u i ^ 

Observations have not been made on the mortality from sublethal doses 
of oxophenarsine treated with less than one equivalent of dimercaprol, 
but no potentiation was observed by one equivalent (Table III). Poisoned 



Fig. 2. Isobols for oxophenarsine and dimercaprol (left-hand graph) and for 
oxophenarsine and dimercaprol glucoside (right-hand graph). 

Ordinates — Dose o! dithiol in mM/kg. 

Abscissae — Dose of oxophenarsine in mM/kg 
Each point represents the mortality for a group of mice. 

• Less than 50 per cent, mortality, 
e Approximately 50 per cent, mortality. 

- 1 - More than 50 per cent, mortality. 

Line separating points where the mortality is less than and more than 50 

per cent. 


mice treated with dimercaprol had heavier lungs than had untreated 
mice poisoned with the same dose of oxophenarsine. Dimercaprol itself 
increases the lung weight slightly, and this increase may be an additive 
effect. The lungs were not heavier than those of untreated mice poisoned 
with less oxophenarsine and living about as long as the mice treated 
with dimercaprol: so if the increase in lung weight depends on the time 
of exposure rather than directly on the dose of oxophenarsine the in- 
crease IS not appreciably affected by dimercaprol. In any case the great 
increase in lung weight observed in poisoning with oxophenarsine- 
dimercaprol was not observed when the two substances were given 
separately, and attempts to imitate its toxicity in this way have been 
practically unsuccessful. 


glucoside and its effects 


m 


IV. The toxicity of dimercaprol 
oxophenarsine poisoning. 

As dimercaprol glucoside has not been purified and 
only matoriak anallaWe lot biological „otk have been toMons pre! 
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pared from the barium sale itself of uncertain purity and always with 
less than the theoretical thiol content, figures for toxicity are necessarily 
approximations and depend on what criterion is used in calculating 
the concentration of the solution used. Danielli, Danielli, Mitchell, Owen 
and Shaw^- and Danielli et al.-^ give figures based on the weight of the 
barium salt used per 100 ml. of solution prepared, and allow only for 
the replacement of the barium atom by two hydrogen atoms. In the 
present series or experiments it has been found that the toxicitj' of dif- 
ferent batches, measured in these units, varies very widely, and that 
more constant values are obtained when the solutions are standardised 
by iodine titration at the time the toxicity is determined and the doses 
are measured in accordance with the titres. Iodine titration at room 
temperature gives a rapidly fading and rather arbitrary end-point, and 
better results are obtained in N hydrochloric acid at OX. This was not 
at first appreciated, and in early experiments solutions were standardised 
by a modification of Sampey and Reid’s method’^ for monothiols, by 
adding excess of iodine, learing overnight, and estimating the excess 
with sodium thiosulphate. This procedure gave a better defined end- 
point than direct titration at room temperature, but it subsequently 
appeared that with dithiols in these conditions the reaction ‘proceeded 
beyond the disulphide stage, to a variable extent according to the amount 
of iodine present. In most of the indirect titrations, the excess of iodine 
was within the limits of 50 to 100 per cent, excess, and when further 
titrations were carried out under these conditions in parallel rrith direct 
titrations in N hydrochloric acid at 0°C., the indirect titre varied only 
between 2-5 and 3-5 times the direct titre. When only an indirect titra- 
tion was performed and the excess of iodine was not outside the above 
limits, the strengths of solutions have been calculated on the assumption 
that the direct titre would have been one-third of the indirect, and are 
regarded as rough approximations. It has been assumed throughout 
thaL in the direct titration, one gramme-molecule of iodine is equivalent 
to one gramme-molecule of dimercaprol glucoside. 


Data about various batches of dimercaprol glucoside are given in 
Table where the doses are expressed (A) as derived from the amount 
of barium salt used in making the solution and (B) from iodine titration. 
The dose-mortality cuive was determined in one experiment with a larse 
number of mice, and as the estimated slope of the line relating I 02 do^ 
to probit mortahty was in good agreement with less accurate'^ estimates 
obtained in. other experiments, the LD50 was sometimes deduced from 
the mortaliU’ on a single dose by the use of this slope. 


It will be seen that, whereas the most toxic solution ’(OBI) was about 
seven or eight times as lethal as the least toxic (142) when the con- 
centrations were calculated from the amount of barium salt used the 
difference was not more than tv\’o to threefold in terms of the iodine titre 
If soluuons prepared from specimen S0.1443 are not considered the 

Ten ^ reasonably constant. Speci^rens 

S0.14__ and SO. 1443 were both somewhat unsatisfactory' and de- 
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teriorated rapidly, possibly because they had not been freed sufficiently 
from traces of organic solvents (Owen, personal communication), and it 
seems reasonable to attribute the consistently higher toxicity of solutions 
prepared from SO. 1443 to the presence of impurities. In the other solu- 
tions, toxicity is evidently attributable to the free thiol present, as might 
be expected; and the material which does not react with iodine, pre- 
sumably chiefly products of oxidation, does not contribute much to the 
toxicity. The sulphydryl content may also be assumed to regulate the 
anti-arsenical activity, and so all doses in the present work have been 

TABLE IV 


The toxicity of solutions of dimercaprol glucoside 


Specimen of 


Dose 

Mortality 
. . No . 

Slope of line 

LD50 

mMAs* 

banum salt used 

Soln. No. 

mM/kg. 

log dose 



in preparation 


A 

No. 

and 

ptobit 

A 

B 



3 

17-5 

7/10 
3/10 1 

0/10 J 

1 

I 

1 



/ 

U'O 

no 1 

15-7 

3-8 


t 

11-2 

1 



SO-lOOl ... • ... 

1 40 

35-2 

4/5 ) 






31-2 

1/5 i 


31-0 

ca 4'7 


1 

28-9 

3/5 ) 

! 



so- 1001 

48 

29-5 , 

10/10 

( 

<29-5 

<ca 3-5 

S0-I229 

108 

21-0 


1 

i 





18-6 


1 





16-6 

I 20/20 / 






14-7 

13-1 

15/20 
7/20 r 

10-7 ! 

12-8 

ca 4'4 

, 1 


Il-S 

5/20 

1 



' 1 

1 

10-5 

3/20 

; j 



1 


9-5 , 



, 


S0-U22 

142 

46-7 1 

8/15 

— 

450 

4-5 

SO- 1443 

OBI 


8/8 

8/8 f 
2/16 1 






7-9 

— 

5 9 

2 1 



5-2 


I 


SO- 1443 

143 

10-1 

8/15 

— 

9 7 

2 6 

S0-J443 

J44 

23-8 

5/15 

- 

25 6 

2-1 

9374A 

241 

140 

14/15 ; 



n 9 




12-6 

9/15 / j 





(A) Calculated from the amount of barium salt used in preparing the solution. 

(B) Calculated from the iodine litre of the solution (sec text). 


calculated from the results of iodine titration- As a result of doing so. 
a number of apparent irregularities in the behaviour of dimercaprol 
glucoside have disappeared. Another result of doing so is that the 
toxicity appears to be greater than the figures of Danielli e/ aJ.^* suggest. 
As their doses include in the weight material which does not behave as 
a free thiol, they give an exaggerated suggestion of the harmlessness of 
the substance. Nevertheless its toxicity is undoubtedly much less than 
that of dimercaprol. 

The activity of dimercaprol glucoside against oxophcnarsinc is shown 
in Table III and Figures I and 2. The activity is on the whole similar 
to that of dimercaprol itself. If anything the glucoside is a little less 
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active when aiven at the same time as the oxophenarsine. About 0-8 
mM/kg. of the glucoside saved 5 of 9 mice poisoned with 0-30 mM/kg. 
of oxophenarsine, while 0-6 mM/kg. of dimercaprol was sufficient to 
save 7 of 9 : but the difierence is not significant. As the glucoside was 
less toxic, more could be given, and it was consequently superior against 
very larae doses of oxophenarsine. Its much greater activity in these 
conditions is strikingly illustrated by the much larger area enclosed by 
its isobol than by that of dimercaprol (Figure 2). On the other hand, 
once poisoning was established, the glucoside was less effective. Dimer- 
caprol still saved an occasional animal 80 minutes after oxophenarsine 
had been given, whereas no reduction in mortality w’as obtained with the 
glucoside "after 40 minutes, even with large doses and in rather more 
extensive trials. As Danielli et al. suggest, the water-soluble thiol prob- 
ably enters cells less readily, and so has less access to arsenic once the 
arsenic has been fixed by the tissues. 

Mixtures of oxophenarsine and dimercaprol glucoside in proportions 
about a 1 to 1 molar ratio have been injected intramuscularly in mice, 
and no enhancement of toxicity of the arsenical has been found (Table 
n). Deaths were neither increased nor accelerated, and the lungs were, 
as usual in mice poisoned with oxophenarsine and treated with a dithiol, 
only moderately heavier than normal. Solutions probably containing 
less than one molecule of dimercaprol glucoside per molecule of oxophen- 
arsine gave a negative nitroprusside reaction, whereas the reaction was 
positive when the dithiol was in excess; so it may be assumed that the 
two substances had combined. The evidence does not suggest that the 
compound has any enhanced toxicity. 


TV. The toxicity of other dithiols and their ejects in oxophenarsine 
poisoning. 

The results of toxicity tests are summarised in Table V. The figures 
are sometimes very approximate, either because the amount of the 
material available was limited and the toxicity was low, or because pre- 
liminary tests indicated that the toxicity was too high for the substance, 
however active as an antidote, to be likely to be of any therapeutic use. 
The LDSOs have been obtained either by injecting into one group of 
15 to 20 mice a dose slightly larger than the LD50 and into another group 
a dose slightly smaller and estimating the LD50 by linear interpolation 
after transformation to log dose and probit mortality'; or by the method 
of Karber’\ The efficacy against oxophenarsine u-as tested (a) by aivino 
the antidote immediately after an LD95 to 99 (0-16 to 0-20 mM/kg.) to 
show whether any protection at all was obtained; (b) by giving the 
antidote 40 minutes, and sometimes at other times, after the oxophen- 
arsine, to show whether protection could be obtained late in acute poison- 
ing, (c) by giving a 50 per cent, larger dose of oxophenarsine and the 
thiol immediately afterwards, to show whether the thiol was effective 

"'as about one- 

third of ns LD50, and tests (b) and (c) show roughly the maximal activitv 
of dimercaprol and dimercaprol glucoside respectively at this S of 


■585 



TABLE V 
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the iacremern method of assessing anti-arsenical activity by 

not to dev sed tr (Weatherall and Weatherall^d 

the Wotr ^ were tested, and so 

eviuated fh. Ae substances were later 

separate Daner^ HT®/"^!f^ as reported in a 

separate paper and briefly indicated below. 

Brief comments can be made on the individual substances. 

‘^envesf from polyhydric alcohols. The higher 
r>Yr>ni^r,o..„: ™®mapro] tended to be less toxic and less active against 


oxophenarsine. l:2-dimercaptobutane-3r4-S (0-13 was pharm- 
Se?'??t from dimercaprol. 1 : 2-dimercap?opent- 

f water-soluble, less toxic, and less effi- 

hexanp- 3 - 4 -f^-'fi^ in oxophenarsine poisoning. 1 : 2-diniercapto- 
Hvf Tf •2'^) W3S about as toxic as the pentane deriva- 

against oxophenarsine, but Weatherall and 
R activity at all against phenylarsenoxide. 

hwA • i" As with the dithiols derived from poly- 

y ric a cohols, the more water-soluble substances with a longer carbon 
cJiam and more hydroxyl groups were less toxic, but here there was more 
JOSS of toxicity and less loss of therapeutic activity. The glucoside ap- 
peared to be the best of this group, but the sorbitol ether (0:20) was 
surpnsingly active in established oxophenarsine poisoning and still gave 
luu per cent, protection after 40 minutes. 1 : 3-dihydroxy-2-propyl 2 : 3- 
n contain the grouping 

k-r 'Bradley and Berger’" attribute the 

ability of causing paralysis as does myanesin, Berger and Bradley” 
describe the paralysis as not accompanied by excitement, tremors, twitcb- 
ings or convulsions at any time. None of these ethers produced exactly 
such a paralysis. An apparent flaccid paralysis was observed after nearly 
lethal doses of 6(2': 3'-dimercaptopropyI) mannitol (0: 16), but when dis- 
turbed the mice made quite powerful movements, and lethal doses of this 
substance, like most of the other dithiols, produced convulsions. 

C. Other 1 :2-dithiols. The y-lactone of v:6-dimercaptovaleric acid 
(0-15) was a little more toxic than dimercaprol. Deaths occurred more 
quickly, usually within 90 minutes of injection, and were preceded by 
very vigorous convulsions. Congestion of the lungs was more con- 
spicuous post-mortem than with most dithiols. Anti-arsenical activity 
was a little less than that of dimercaprol. 

D. a'.vy-Dithiols. 1 :4-dithiothreitol (0:2) behaved quite differently 
from its 1: 2-isomer, 0:13. It was' about 30 per cent, more toxic, and 
caused violent convulsions and death within 5 or 10 minutes of intra- 
muscular injection. Post-mortem examination of mice killed by the 
drug and of survivors killed 28 days later, showed nothing macroscopic- 
ally abnormal. When injected in doses by' themselves innocuous, 0:2 
greatly accelerated death after oxophenarsine and increased the mortality 
from sublethal doses. Death in animals so treated was preceded by con- 
vulsions, and at post-mortem examination gross pulmonary congestion 
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and haemorrhages were observed, with a highty significant increase in 
lung weight (ll-0:i:0-53 mg/g. compared with 7-9i:0'20 mg./g. in mice 
poisoned^ with the same dose of oxophenarsine alone). In the occurrence 
of convulsions, the rapidity of death and the increase in lung weight, 
poisoning with oxophenarsine and 1 ; 4-dithiothreitol resembles poisoning 
with the oxophenarsine-dimercaprol compound, and it seems possible 
that a similar mechanism may underlie both phenomena. l;4-dithio- 
erythritol (0 : 22) was considerably less toxic than its stereo-isomer, and 
' caused death less rapidly : but it also accelerated death in oxophenarsine 
poisoning, though less dramatically. 1 : 6-dithiodulcitol (0 ; 1) had a par- 
ticularly low acute toxicity, of about 3-4 mM/kg. But mice receding 
doses over about 2 mM/kg- developed a remarkable disease at some 
time between 3 and 20 days after injection. The hind legs became 
paralysed and the posterior part of the body slowly wasted until the 
body weight fell sometimes by as much as 50 per cenL Diarrhoea was 
common, and a crust of dirt and excreta was usually present at the 
base of the tail. There was often dermatitis of the tail, and a number 
of mice developed periorbital abscesses. Death occurred at any time 
up to at least 28 days after injection and 14 days after the onset of 
paralysis, but a proportion of mice receiving doses of 2-5 mM/kg. or 
less recovered and appeared normal 28 days after injection. The latter 
were killed and were found to have paler and firmer lungs than normal, 
but no other gross abnormahty. Two paralysed mice, killed at the same 
time, showed gross wasting and contractures, generalised loss of size and 
weight of the viscera proportional to the body-weight, and no macro- 
scopic lesions of the central nervous system. This dithiol gave slight 
protection against oxophenarsine poisoning, but some protected mice 
subsequently developed the paralynic sjmdrome. The dithiodulcitol was 
dissolved in a solution containing sodium borate, but no such sjmdrome 
developed in mice treated with sodium borate in amounts corresponding 
to the amounts used in dissolving the dithiodulcitol and no other mice 
under expenment at the same time developed the same symdrome. 
Sodium borate gave no protection against oxophenarsine poisoning. A 
rabbit which received 2 mM/kg. of dithiodulcitol intraperitoneally had 
much diarrhoea and died within 24 hours with gross lung oedema and 
congestion. Another rabbit into which 0-2 mM/kg- was injected showed 
no ill-effects m the next three weeks. 


E. Acetyldithiols. The acetyldithiols were all less toxic, on a mole 
cular basis, than the corresponding free dithiols. Some, particularly tri 
acetyl dimercaprol (0; 12), had considerable activity against o.vophen 
arsine. Both toxicity and anti-arsenical activity diminished as the mole 
cular weight increased. The lethal doses of 3;4;5-triacetoxv-l-^-bis 
acetylthiopentane (0:18) and hexa-acety] P-(2 : 3-dimercaptopr"opvr 
glucoside (0.11) were too large to be dissolved in a harmless quantitv 
of any solvent tried, and 0:11 only increased slightlv the sundval time 
of oxophenarsine-poisoned mice uithout sating any' lives while 0^8 
»» mnctoe. WM dtarcap™! (0:3) betaved ve„’ sSrlv o 
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dimercaprol itself. Diacetyl dimercaprol (0;21) was anomalous. The 
method of synthesis was directed to producing the di-S-acetyl compound, 
but by iodine titration it appeared to be a monothiol, and one acetyl 
group had therefore presumably wandered to the oxygen atom. Its 
toxicity was low, though large doses produced symptoms like dimer- 
caprol; but unlike either dimercaprol or triacelyl dimercaprol, it saved 
no lives and considerably accelerated death in mice poisoned with oxo- 
phenarsine. Tetra-acetyl 1 : 4-dithiothreitol (0 : 4) appeared to be less 
toxic than the free a:o)-dithiol and, like it, potentiated oxophenarsine 
poisoning. 

Discussion 

The main object of the work reported here was to examine the possi- 
bility that other dithiols might be more satisfactory therapeutic agents 
than dimercaprol- In order to do so, the toxicity of various dithiols was 
estimated and their anti-arsenical activity was compared with that of 
dimercaprol.’ The quantitative method of assessing anti-arsenical activity 
described by Weatherall and Weatherall® was not devised until most 
of the substances described here had been tested, and only approximate 
comparisons are afforded by the present data. DanieUi et found 
that the toxicity of dithiols was decreased by the introduction of hydro- 
philic groups into the molecule, and this is borne out by the present 
findings. Unfortunately, the diminution in toxicity has been accom- 
panied by a loss of anti-arsenical activity, at least when oxophenarsine 
was used as the arsenical. Which loss preponderated depended on how 
the hydrophilic groups were introduced. Simple lengthening of the chain 
of a hydroxythiol by the introduction of -CHOH- groups resulted in 
more loss of activity than of toxicity. On the other hand, conjugation 
by means of an ether linkage with, for example, a sugar produced dithiols 
which were substantially less toxic than dimercaprol, but retained quite 
good activity against oxophenarsine. The most marked defect of the sugar 
ethers was their inability to save lives when they were given some time 
after the arsenical poison. Dimercaprol glucoside was clearly less efficient 
than dimercaprol in* this respect, although the difference was less con- 
spicuous with 6(2' : 3'-dimercaptopropyl) sorbitol. Dimercaprol glucoside 
was the least toxic of all the dithiols tested, and had otherwise good anti-^ 
arsenical activity, and seemed clearly to deserve further investigation 
from the point of view of possible therapeutic value. 

An alternative method of diminishing the toxicity of dithiols lay in 
maskins the -SH aroups by some combination which might be readily 
broken^'down in the body.' As the acetyl derivatives of several of the 
dithiols studied were readily available, some were tried, and were found to 
possess moderately good activity against oxophenarsine. The acetylatcd 
dithiols of low molecular weight were more effective than larger mole- 
cules. The smaller molecules tend to be more soluble in water and may 
be expected to hydrolyse more readily to the free dithiols, so this differ- 
ence was not surprising. It is possible that by slow hydrolysis suitable - 
acetylated dithiols would liberate a moderate sustained concentration ot 
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dithiol, which would be therapeutically more useful than the rather short 
action of dimercaprol. Experiments in which hexa-acetyl ^-(2;3-di- 
mercaptopropyl) glucoside (0: 11) was given three hours before a dose of 
oxophenarsine indicated that no protective concentration of thiol had 
been liberated. Possibly some other acet>’l dithiol would have been more 
effective. 

Separation of the -SH groups of dithiols has been found in the three 
instances studied here to be undesirable. 1 ; 6-dithiodulcitol was only 
wealdy active against oxophenarsine and produced a" peculiar wasting 
disease by some mechanism which has not been examined. Both 1 : 4- 
dithiols potentiated oxophenarsine poisoning, in a manner which re- 
sembled the toxic effects of the oxophenarsine-dimercaprol compound. 
The similarity suggested that a common mechanism might be involved. 
Peters and Stocken^ suggested that the compound of oxophenarsine and 
dimercaprol possibly penetrated cells and there dissociated with the intra- 
cellular liberation of toxic arsenic. The 1 ; 4-dithiols are likely to form 
a less stable ring with arsenic than the 1 : 2-compounds (Whittaker^^), 
and possibly form such compounds in vivo which penetrate cells and 
then dissociate again with fatal results. Some support is lent to Peters 
and Stocken’s concept by the harmlessness of the compound of oxo- 
phenarsine and dimercaprol glucoside, which is presumably more soluble 
in water and consequently less liable to enter cells. As indicated above, 
no evidence at aU could be found of any enhancement of toxicity of 
oxophenarsine by such combination. 


SuxaiARY 


1. The toxicity in mice has been studied of oxophenarsine, the oxo- 
phenarsine-dimercaprol compound, 15 dithiols and 10 acetyl dithiols- 

2. The LD50 of oxophenarsine given intramuscularly was about 0T4 
mM/kg. Significant differences in mortality were not observed when 
oxophenarsine was given intraperitoneally. 

3. Death occurred more rapidly after large than after small doses of 
oxophenarsine. The lungs of mice dying of oxophenarsine poisoning 
were heavier than normal, particularly when the doses were small and 
the time of survival long. 


4. The LD50 of the oxophenarsine-dimercaprol compound airen 
intramuscularly was about 0-06 mM/kg. and given intraperitoneally was 
about 0-30 mM/kg. Death occurred more rapidly than in oxophen- 
arsine poisoning and the lungs were much heavier than either normally 
or in oxophenarsine poisoning. 


5. The LD50 of dimercaprol glucoside was found to depend on the 
iodine titre of the solution used. Estimated on this basis, the least toxic 
samples examined had an LD50 of about 4-5 mM /ks. 

6- Dimercaprol glucoside was effective against laraer doses of oxo- 
phenarsme than was dimercaprol when the thiols were <^iven'imme 
diately after oxophenarsine. The glucoside was less effective' than dimer- 

SSenarsL ^^^er 


591 



M. WEATHERALL 

7. Approximately equimolar mixtures of oxophenarsine and dimer- 
caprol glucoside were not more toxic than oxophenarsine alone. 

8. No other dithiols examined had as good a combination of low 
toxicity and high activity against oxophenarsine as dimercaprol glucoside. 
The nearest approach was made by other dimercaprol sugar ethers. 

9. Acetylated dithiols of low molecular weight had quite good anti- 
arsenical activity, but were not more active relative to their toxicity than 
free dithiols. 

1 0. Acetylated dithiols with a molecular weight greater than about 
300 had very low toxicity and little or no activity against oxophenarsine. 

1 1 . Three substances (diacetyl dimercaprol, 1 : 4-dithioerythritol and 
particularly I ; 4-dithiothreitol) accelerated death and increased the 
mortality in mice poisoned with oxophenarsine. 

The dimercaprol used in these experiments was a sample of water- 
purified BAL kindly presented by Professor R. A. Peters. Some of 
the dimercaprol glucoside was prepared by Dr. L. N. Owen, some was 
provided by the Ministry of Supply, and one sample was pro- 
vided by Boots Pure Drug Co., Ltd. The other dithiols and 
all the acetylated dithiols were prepared by Dr. L. N. Owen and his 
associates. Oxophenarsine (mapharside, not diluted with sucrose as in 
commercial preparations) was generously presented by Dr. J. S- White, 
of Parke Davis and Co., Ltd. The oxopbenarsine-dimercaprol conapound 
was synthesised and kindly presented by Dr. L. A. Stocken. I am most 
grateful for all these gifts. I am much indebted also to Dr. L. N. Owen 
for numerous helpful discussions, to Mr. Leslie Angus, Miss Jean Tulloch 
and Miss Irene Munro for technical assistance, to Mrs- J. A. C. Weatherall 
for performing certain of the toxicity tests, and particularly to Professor 
J. H. Gaddum for his advice and criticism. The work was initiated 
during the tenure of a personal grant from the Medical Research Council 
and was supported by a grant for expenses from the Council. 
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In Part P attention was directed to the possibility that Datura ferox inay 
yield different alkaloids when grown in different localities. Australian- 
erown D. ferox was found by Barnard and Finnemore- to contain hyos- 
cyamine as the major alkaloid and material grown in the Crimea afforded, 
according to Libizov^, hyoscyamine and hyoscine. We found that plants 
srown in this country produced hyoscine as the chief alkaloidal con- 
stituent and meteloidine as a relatively minor alkaloid. In view of the well 
authenticated cases of variation in the nature of the alkaloids within 
certain species of the Solanaces, viz., Duboisia species and Datura uietel* 
it appeared of interest to accumulate more evidence on this point for 
D. ferox. Moreover, it would appear from the results reported in Part I 
and to be described in this communication that D. ferox may provide 
a convenient commercial source of hyoscine. 

Samples of Indian henbane are from time to time offered for sale in this 
country and presumably are used for the manufacture of galenical pre- 
parations. As far as we ate aware, no information is available either on 
the plant source of these materials® or on the nature of the alkaloids con- 
tained in them. Accordin^y a comparison has been made of the alka- 
loids of Indian henbane with those of authentic Hyoscyamiis niger. 


Experimental 


The Australian D. ferox available consisted of about 1 20 g. of whole 
plant grown at Canberra and seeds from plants grown at Shepparton, 
Victoria. The Indian henbane was a commercial sample purchased in 
this country. The botanical source of this material is doubtful but we 


are informed by Mr. J. L. Forsdike that it differs from H. niger. 

Quantities of 100 g. of both the whole plant and the seeds of D. ferox 
were extracted by a modification of the Pharmacopceial assay process®. 
An ethereal solution of the total alkaloids was in each case chromato- 
graphically fractionated first with ether and then with chloroform on a 
column of 20 g. of Ideselguhr on which was distributed 10 ml. of M/2 
phosphate buffer of pH 7-3. Details of this technique and the method 
of collecting fractions of the eluate are described in Part I. The alkaloids 
in the fractions of eluting solvent were identified as their picrates 
For comparison of the alkaloids of Indian henbane with those of 
H. niger, 500 g. of the Indkn drug and 100 g. of ff. niger were extracted 
and chromatopphically fractionated by the same procedure, the M/7 
phosphate buffer haymg pH 6-8 in this instance. Because of the low 
proportion of alkaloids m the Indian henbane, a total of 10 ka 
extracted in batches of 2 kg. for the identification of the alLloik aftS 
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c^omatograpiiic fractionation. The titration liquors corresponding to a 
given peak were combined; the aqueous layer, containing the alkaloidal 
sulphate was separated frpm the organic solvent and indicator was 
removed from it by shaking with chloroform; after concentrating under 
reduced pressure, the solution was available for the preparation of solid 
derivatives by double decomposition with the appropriate reagent. 



Eiuate fractions. 

Fig. 1, — Separation of alkaloids from lOOg, of Australian Datura ferox 

(whole plant) 

Column, 20g. kieselguhr with 10 ml. 0-5 M phosphate buffer, pH 7 3. 

* Chloroform B.P. used as eluant. 

Figure 1 shows the separation of the alkaloids of the whole plant of 
D. ferox. The eiuate fractions represented by the large peak A were 
shown to contain hyoscine by the preparation of the picrate, m.pt. I87°C., 
not depressed on admixture with authentic hyoscine picrate. The pro- 
portion of hyoscine found by titration was 0-06 per cent, and by isola- 
tion of the picrate, 0'05 per cent. From the eiuate fractions corresponding 
to peak B, 5 mg. of a picrate, m.pt. 230 °C., was isolated. Fractions 52 to 
112 of the eiuate (peak C) afforded meteloidine picrate, m.pt. 174° to 
175 °C., undepressed on admixture with authentic material. The melting- 
point of this picrate was considerably depressed when mixed with hyos- 

TABLEI - 

Alkaloid i It ’’iser Indian henbane 



per cent 

per cenf 

Total alkaloids, calculated as h>osc> amine 

0 073 

0 031 

Hyoscine 

0 02S 

0 016 

Hjoscj’amme . .... 

0 041 

0 010 

Tropine 

0 0025 

0 0015 
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cyamine picrate or with atropine picrate. The weight of meteloidme 
picrate isolated was 3 ms.; no reasonably accurate estimation of the 
proportion of this alkaloid was possible by a summation of the very small. 



Eluate fractions. 

Fig. 1 . — ^Separation of alkaloids from lOOg. of Australian Datura jerox seeds. 
Column, 20g. kieselguiir with 10 ml. 0-5 M phosphate buffer. pH 7-3. 

* Chloroform B.P. used as eluant. 

individual eluate-fraction litres. The partition chromatogram of 
D. ferox seeds is represented in Hgure 2. The only significant peak was ' 
shown to refer to hyoscine, 0 093 per cent., which afforded hyoscine 



Eluate fractions. 


Fig. 3. Separation of alkaloids from lOOg. of Indian henbane 
Column, 20g. kieselguhr with 10 ml. 0-5 M phosphate buffer. pH 6-8. 
* Chloroform B.P. used as eluant. 
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chromatographic fractionation. The titration liquors corresponding to a 
given peak were combined; the aqueous layer, containing the alkaloidal 
sulphate was separated frpm the organic solvent and indicator was 
removed from it by shaking with chloroform; after concentrating under 
reduced pressure, the solution was available for the preparation of solid 
derivatives by double decomposition with the appropriate reagent. 



Eluate fractions. 

Fig. 1. — Separation of alkaloids from lOOg. of Australian Datura ferox 

(whole plant) 

Column, 20g. kieselguhr with 10 ml. 0-5 M phosphate buffer, pH ~ 3. 

* Chloroform B.P. used as eluant. 

Figure 1 shows the separation of the alkaloids of the whole plant of 
D. ferox. The eluate fractions represented by the large peak A were 
shown to contain hyoscine by the preparation of the picrate, m.pt. 187°C., 
not depressed on admixture with authentic hyoscine picrate. The pro- 
portion of hyoscine found by titration was 0 06 per cent, and by isola- 
tion of the picrate, 0-05 per cent. From the eluate fractions corresponding 
to peak B, 5 mg. of a picrate, m.pt. 230°C., was isolated. Fractions 52 to 
112 of the eluate (peak C) afforded meteloidine picrate, m.pt. 174 to 
175 °C., undepressed on admixture with authentic material. The melting- 
point of this picrate was considerably depressed when mixed with hyos- 

TABLE I . 

Alkaloid ' H niacr Indian henbane 


Total alkaloids, calculated as h>osc> amine 

Hyoscine 

Hjoscyaminc 

Tropine 


per cent 

per cent 

0 073 

0 031 

0 025 

0 016 

0 (MI 

0 010 

0 0025 

0 0015 
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cyamine picrate or with atropine picrate. The weight of meteloidine 
picrate isolated was 3 mg.; no reasonably accurate estimation of the 
proportion of this alkaloid was possible by a summation of the very small. 



Eluate fractions. 

Fig. 2. — ^Separation of alkaloids from lOOg. of Australian Datura jerox seeds. 
Column, 20g. kieselguhr with 10 ml. 0-5 M phosphate buffer. pH 7-3. 

* Chloroform B.P. used as eluant. 


individual eluate-fraction litres. The partition chromatogram of 
D. ierox seeds is represented in Figure 2. The only significant peak was 
shown to refer to hyoscine, 0-093 per cent., which afforded hyoscine 



Fig. 3. Separation of alkaloids from lOOg. of Indian henbane 
Column. 20g. kieselguhr with 10 ml. 0-5 M phosphate buffer. pH b’s. 
Chloroform B.P. used as eluant, 
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picrate, m.pt. 187”C., undepressed by authentic hyoscine nicrate The 
pioportioj of total alkaloids, caloalated as hjosciae, was 0 OM per ceal 
as partition chromatograms were 

?esnect veSno Quantitative data obtained from the 

in Table T Th 00 g- quantities of these two drugs are summarised 

evfraet nn ■ ^ chromatogram curve from the larger-scale 

extraction of Indian henbane was similar to Figure 3. 



Eluate fractions. 

Fig. 4. Separation of alkaloids from lOOg. of Hyoscyamus /tiger. 
Column, 20g. kieselguhr with 10 ml. 0'5 M phosphate buffer, pH 6-S. 
* Chloroform B.P. used as eluant. 


Peak E was demonstrated to correspond to hyoscine by the preparation 
of the picrate, m.pt. and mixed m.pt. 186°C. and the aurichloride, m.pt. 
and mixed m.pt. 204°C., with decomposition. From the fractions repre- 
sented by peak F, a picrate, m.pt. 230°C., was isolated; this material was 
identical with the picrate of the same melting-point isolated from D. ferox. 
The alkaloid corresponding to peak G was found to be hyoscyamine, since 
it afforded an aurichloride, m.pt. 163'’C., not depressed on admixture with 
authentic hyoscyamine aurichloride, and also a picrate, m.pt 164° to 
165°C., not depressed by mixing with authentic material. For the identi- 
fication of the alkaloid corresponding to peak H, the auribromide and 
Reineckate were found to be satisfactory. The auribromide crystallised 
from water or dilute hydrobromic acid as dark brown needles, ra.pt. 
196°C., with decomposition. Found: C, 14-9; H, 2-4; N. 2-4 per cent. 
CsH„ON,HAuBn requires C, 14-6; H, 2-4; N, 2-1 per cent. The melting- 
point of this substance was undepressed on admixture with the auri- 
bromide prepared from tropine made by the h 3 'drolysis of hyoscyamine 
according to Ladenburg". The Reineckate, m.pt. 239 to 240 C., with , 
decomposition, did not depress the melting-point of authentic tropine 
Reineckate’, Found; N, 20-3 per cent. CsHi.'.ON,H[Cr(SCN)i(NH-):], 
H;0 requires N,20-5 per cent. 
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Discussion of Results 

Contrary to previous findings, the experiments described in this com- 
munication and in Part P show that samples of D. jerox grown in Aus- 
tralia and in this country contain hyoscine as the principal alkaloidal con- 
stituent. Its proportion is very variable since material grown in 
Nottingham' contained 0-4 per cent, whereas the Australian material 
contained only 0-06 per cent. This plant is common in Australia and in 
view of the low proportion of other alkaloidal constituents, may, if the 
constancy of alkaloidal type is confirmed for other Australian samples, 
provide a convenient commercial source of hyoscine. Since the partition 
chromatogram indicated the complete absence of meteloidine from the 
seeds, it would appear that this alkaloid is not a product of metabolism of 
the reproductive organs of the plant. It is hoped that further information 
on the nature of the alkaloid which afforded a picrate, m.pt. 230“ C., and 
on the alkaloids of D. jerox which ate eluted with chloroform (peak D) 
will be presented in a further communication. 

The major alkaloids of Indian henbane are hyoscine and hyoscyamine 
with tropine as a minor alkaloid, but the total alkaloidal content is very 
low. Notwithstandmg anatomical differences, the shape of the partition 
chromatogram curve, which is a function of the values characteristic 
of the alkaloids, demonstrates that the only significant difference between 
Indian henbane and H. niger is in the relative proportions of the alka- 
loids. The small final peak in the curve for H. niger is likely to corre- 
spond to tropine since a comparison of the curves for H. niger and Indian 
henbane shows that the R^ value must be very close to that of the tropine 
independently identified in the Indian henbane. This sample of Indian 
henbane bore no resemblance in its constituents to H. reticulatus, which 
according to Konovalova and Magidson®, contains hyoscyamine and 
1 : 4-hisdunethylaminobutane. The characterisation of the small quantity 
of tropine presented some difficulty. The picrate and aurichloride were 
too soluble to afford convenient derivatives and the auribromide decom- 
posed slightly on repeated recrystallisation. We now find that the melting- 
point of the Reineckate varies appreciably with the rate of heating; in 
Part I the value recorded was 251° to 252° C., with decomposition, after 
sintering at 246° to 248°C., whereas the best reproducible value is prob- 
ably 245° to 246 °C., with decomposition. 

^ We are greatly indebted to Dr. C. Barnard of the Council for Scien- 
tific and Industrial Research, Australia for providing the samples of 
D. ferox and to Mr. J. L. Forsdike for procuring the "sample of Indian 
iienbane. 


NUMMARY 


1. Australian-grown Datura ferox has been found to contain ac nrin 
cipal alkaloids, hyoscine and meteloidine. ’ 

Wo alkaloidal constituents of Indian henbane are hyoscine 

hyoscyamme and tropine; m this respecL Indian henbane diffm S 
nyoscvamus ?nper nnlv m the absolute nnH ^ uiuers irom 

ne aosoiute and relatwe proportions of the 
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The iodometric method of assaying mercuric salicylate of the British 
Pharmaceutical Codex, 1934, was replaced in the Fourth Supplement by 
a thiocyanate titration of the mercury. The organic matter is destroy^ 
by oxidation with potassium permanganate, first in alkaline then in acid 
solution and excess of oxidising agent is removed by adding ferrous 
sulphate solution. 

Several other standard procedures for the determination of mercury 
in organic compounds or in the presence of organic matter follow the 
same principle, but oxidation is usually effected by heating with a mixture 
of nitric and sulphuric acids.^* -• ’ "While it is accepted that salicylates 
and other phenols can be o>ddised by permanganate, there is no specific 
information in the literature on the oxidation of mercuric salicylate. 
The composition of this salt has not yet been established and though 
it is described as a salt of salicylic acid in which the mercury replaces 
both the phenolic and carboxylic hydrogen atoms-*, the composition 
varies with the method of preparation and the B.P.C. allows material 
containing between 54 and 59-6 per cent, of mercury. 

It was found in a preliminary experiment that a carefully homogenised 
sample assayed differently by the B.P.C. and United States Pharmacopoeia 
XI methods. The latter employs a nitric-sulphuric acid oxidation 
followed by a thiocyanate titration of the mercury. The results differed 
by 1-27, representing a divergence of over 2 per cent, of the mercury'. 
Tlie mercury' content of the sample was established gravimetrically by 
decomposing the sample with boiling hydrochloric acid and precipitating 
as sulphide. The precipitate was filtered, washed and dried to constant 
weight. A carbon disulphide extraction showed that no sulphur had been 
precipitated. The results were in close agreement with the U.S.P. 
figures: B.P.C. method, 56-30 per cent.; urS.P. XI method 57-57 per 
cent.; sulphide method 57-55 per cent, (mean of 3 determinations). 


Bri-hsh Pharxuceutical Codex Me-thod 

Dissolve 0-3 g. of sample in 10 ml. of 0-lN sodium carbonate. Add 
1 -5 g. of finely powdered potassium permanganate in small portions and 
mix well. After 5 minutes add carefully 5 nd. of sulphuric acid and after 
a further 5 minutes, 40 ml. of water and then acid solution of ferrous 
sulphate in smaU quantities, shaking after each addition until the precipi- 
tate is dissolved. Add 5 ml. of nitric acid and titrate wth 0-lN 
ammonium thiocyanate, using ferric ammonium sulphate as indicator. 


Acid Solution of Ferrous Sulphate. Freshly prepared by dissolvin 
7 g. of ferrous sulphate m 90 ml. of water, freshly boiled and cooled an. 
adding sulphunc acid to 100 ml. ’ 


W. C. EVANS AND M. W. PARTRIDGE 
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The iodometric method of assaying mercuric salicylate of the British 
Pharmaceutical Codex, 1934, was replaced in the Fourth Supplement by 
a thiocyanate titration of the mercury. The organic matter is destroy^ 
by oxidation with potassium permanganate, first in alkaline then in acid 
solution and excess of oxidising agent is removed by adding ferrous 
sulphate solution. 

Several other standard procedures for the determination of mercury 
in organic compounds or in the presence of organic matter follow the 
same principle, but oxidation is usually eSected by heat’mg with a mixture 
of nitric and sulphuric acids.’^’ "• ’ While it is accepted that salicylates 
and other phenols can be oxidised by permanganate, there is no specific 
information in the literature on the oxidation of mercuric salicylate. 
The composition of this salt has not yet been established and though 
it is described as a salt of salicylic acid in which the mercury replaces 
both the phenolic and carboxylic hydrogen atoms'*, the composition 
varies with the method of preparation and the B.P.C. allows material 
containing between 54 and 59-6 per cent, of mercury. 

It was found in a preliminary experiment that a carefully homogenised 
sample assayed difierently by the B.P.C; and United States Pharmacopceia 
XI methods. The latter employs a nitric-sulphuric acid oxidation 
followed by a thiocyanate titration of the mercury. The results diSered 
by 1-27, representing a divergence of over 2 per cent, of the mercury. 
The mercury content of the sample was established gravimetrically by 
decomposing the sample with boiling hydrochloric acid and precipitating 
as sulphide. The precipitate was filtered, washed and dried to constant 
weight. A carbon disulphide extraction showed that no sulphur had been 
precipitated. The results were in close agreement with the U.S.P. 
figures; B.P.C. method, 56 30 per cent.; U.S.P. XI method 57-57 per 
cent.; sulphide method 57-55 per cent, (mean of 3 determinations). 


BnrnsH Pharmaceutical Codex Method 

Dissolve 0-3 g. of sample in 10 ml. of 0-lN sodium carbonate. Add 
I -5 g. of finely powdered potassium permanganate in small portions and 
mix well. After 5 minutes add carefully 5 ml. of sulphuric acid and after 
a further 5 minutes, 40 ml. of water and then acid solution of ferrous 
sulphate in small quantities, shaking after each addition until the precini- 
tate IS dissolved. Add 5 ml. of nitric acid and titrate with 0-lN 
ammonium thiocyanate, using ferric ammonium sulphate as indicator. 

Add Solution of Ferrous Sulphate. Freshly prepared by dissolving 
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Titration Conditions 

to establis^d ® titration conform 

IS required to dissolve manvnnpc^ ^ sulphate solution 

ferric ion equivalent to 8-5 g of femV precipitate, inpoducing 

indicator solution. Variation’ of 1 s^lpJ^ate or 85 ml. of 

of mercuric nitrate SkTSylStTauhe'? “f "" solution 

tion and acidity as in the R P r mercury concenPa- 

(b) 5 ml. of indicator and^5 S 

17-65 ml results: (a) 17-50 ml; (b) 

mature and M^KMtedi"iosson*'m''^‘f “'‘’"T- P"' 

ms a«ou.,3?or part, a. 

3 pi cMhXaenT''' ‘!!‘ ‘’'r"' f=P'P=“l <>3 

was dear: excess af ne mS?”*'’ m small portions until the solution 

solution 'added tn^fho ^ 10 per cent, permanganate 

small crystal of fermn P®™anent pink and decolorised with a 
was verified bv titraf ^ suitability of this modification 

alone fb) in the standard mercurie nitrate with thiocyanate (a) 

determteation on f a solution prepared by carrying out a blank 


Quantity of Permanganate 

f ^ oxidation occurs in alkaline solution, a heavy brown 
^ ° manganese dioxide being thrown down immediately on 
mintro The solution becomes purple when all the per- 

i.nt: wif ^ ^ introduced and the colour and precipitate remain 

ctrs/^ +1,^ ucmg agent is added. The excess of permanganate is small 
since the purple colour fails to develop on increasing the weight of sample 
by less than 10 per cent. * ^ v 


he relation between sample weight/permanganate ratio and com- 
{neteness of oxidation was studied in a series of determinations in which 
the weight of permanganate was fixed at 1 -5 g. and the weight of sample 
varied from 0-2 to 0-45 g. The results were calculated in teims of burette 
reading per g. of sample. 


Reduction of the sample weight below 0-3 g. had no effect on the 
r^oyery, whereas from 0-32 g. upwards, low and erratic results were 
obtained. An adequate safety margin was established by using 2 g. 
of permanganate, with which recoveries were fuliv maintained "up to 
0-4 g. of sample. 
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Time and Temperature op Oxidation 

Increasing the alkaline oxidation time to 25 minutes had no significant 
effect (Table I). The importance of the acid oxidation stage is showna 
by the added recovery on increasing the severity of the conditions. Whilst 
a longer period than the 5 minutes oxidation of the B-P.C. method gave 
by itseK no advantage, due probably to the rapid fall of temperature in 
the initial few minutes, a higher recovery was obtained on heating the 
solution for 10 minutes (Table I)- 


TABLE 1 


Conditions of oxidation 



Mcrcur\' 

percenL 

Alkalme solo- 

Arid soln. 

Temp, effect 

( 

25 tnmntes 

5 mmutes 

Not bcatod 


S7-32 

5 

1 ,, 



56 94 

5 

5 


1 

57*44 

5 „ 

10 


1 

57-43 

< 

5 „ 

Heated 


57 45 

5 „ 

IQ „ 



57-59 

5 » 

eo 

- 

J 

57-59 


Losses DutoKO AcromcATios 

Acidification with sulphuric acid produces violent effers'escence; the 
liquid boils and purple fumes are given og. Cooling is rapid in 5 minutes, 
oning to the relatively large surface area of the small volume of liquid. 
It was found that 10 ml. of 50 per cent, sulphuric acid gave a strong and 
more prolonged heat effect and enabled the reaction to be easily"^ con- 
trolled, with little spray and no fuming. Recoi-eries were comparatire 
both with the unheated solutions and on heating for 10 minutes, as 
suggested in the previous section. Results: sulphuric acid B.P. nnheated 
57-44 per cent., heated 10 minutes 57-59 per cent.; sulphuric acid (50 per 
cent.) unheated, 57-43 per cent., heated 10 minutes, 57-57 per cent. 


Modified Method 

Dissolve 0-3 g. of sample, accurately weighed, in 10 ml. of N (approx.) 
sodium carbonate. Add in small portions 2 s. of finely powdered 
potassium permanganate and mix well. After 5 'minutes, add carefuHv 
10 ml. of sulphuric acid (50 per cent.) and boil the solution «entlv for 
10 mmutes. Cool, add ml. of water and then hydroaen' peroxide 
solution (3 per cent.) in small portions until the precipitate is dissolved 
Add potassium permanganate solution (10 per cent) until the solution 
becomes a faint permanent pink, decolorise witb a small crvstal of 
ferrous sulphate, add 5 mi. of nitric acid and titrate v.ath 0-lN ammonium 
iSdSator^^^ ammonium sulphate solution as 

The modified method was examined on a xanoe of samnipc nf , o 
xraS'suSde Sod?’ "'^th the US? 
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Table II also shows that the precision of the modified method is 
higher than that of the U.S.P. XI and B.P.C. methods. 


TABLE II 


Sample 

Mercury per cent. 


B.P.C- method 

1 Modified method 

j U.S.P. XI method 

Sulphide method 

1 

Si-53 

' 55-65 

1 55-72 

j 55-55 


S4‘61 

I 55-67 

, 55-65 


2 

55-29 

i 56-49 

1 56-49 

I 56-45 


55-19 

1 56-44 

; 56-43 , 


3 

55-98 

57-08 

57-15 

56-99 


55-93 

57-11 

! 57-08 1 


4 

56-29 

57-57 

' 57-68 1 

57-57 


56-25 

57-59 

57-59 

57-49 


56-36 

57-56 

i 57-44 1 

57-59 

5 

57-08 

58-38 

' 58-44 

58-32 


57-04 

58-41 

' 58-34 1 


6 

58-18 

59-48 

1 59-51 

59-48 


58-29 

59-53 

59-51 

1 



Summary 

1 . The B.P.C. assay of mercuric salicylate has been shown to give low 
results, compared with the U.S.P. XI method and a gravimetric sulphide 
method. 

2. A study of the conditions of the B.P.C. method has been made 
and sources of error revealed. 

3. A modification of the B.P.C. method has been proposed which gives 
results in agreement with the sulphide and U.S.P. XI methods. 

I am indebted to Mr. C. Morton, B.Sc., Ph.C., Head of the Chelsea 
School of Pharmacy, for his helpful criticisms. 
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The work of Paton and Zaimis’^ on decamethonium iodide (atm- 
hexamethyldiaminodecane diiodide, known as C.IO) showed that it was 
a very potent substance, and that it was capable of replacing d-tubo- 
curarine chloride in medicine. An antidote exists for decamethonium 
iodide in hexamethonium bromide (a : lo-hexamethyldiaminohexane 
dibromide, known as C.6), and owing to its pharmacological properties 
this substance has been suggested for use in h 3 'pertension and vascular 
diseases, thereby replacing tetraethylammonium iodide. Hexamethonium 
bromide is 10 to 20 times as active as the tetraethyl compound. In view, 
therefore, of the possible importance of the new drugs, it was considered 
desirable that an examination should be made of their physical and 
chemical properties. 


Decaxiethonium Iodide 

Decamethonium iodide is a colourless, odourless, ciystalline powder, 
which when dried for 4 hours at 70°C./20 mm. pressure and then placed 
in a melting-point apparatus at room temperature, heated rapidly to 
235‘C. and then at 2° /minute, had m.pt. 245° to 246°C. (corr.). If, 
however, it was put in the bath at 230°C., it melted at once with de- 
composition. For analysis it was dried at 70°C. in vaaio. Found: C, ■■ 
38-25; H, 7-45; N, 5-14; I, 47-8 per cent.; Ci 6 H 3 «N 2 l 2 requires C, 37-5; 
H. 7-4; N, 5-47; 1, 49-6 per cent. 

It is soluble in water (21 °C.) 1 g. in 10 ml. and at lOO'C., 5 g. in 1 ml. 

A I per cent, solution is clear and colourless and has pH 6-6; a 10 per 
cent solution has pH 6-4, The sterilised ampouled 0-1 per cent, solution 
in phj'siological saline solution has pH 6-06. In ethyl alcohol at 20°C., its 
solubiliU' is less than 1 g. m 100 ml., and at 78-5 °C. 1 g. in 3 ml., 
whereas in methyl alcohol (20'C.) it is 1 a. in 40 ml. and at 64-1 'C. 

1 g. in 1 ml. In boiling acetone, benzene, chloroform and ether the 
solubility is less than 1 g. in 500 ml. At lOO^C. the material lost 0-26 
per cent, and turned a yellow colour. On ignition no ash remained. 


Reactions. 
Effect of heat. 


Concentrated sulphuric 
acid. Cold or hot. 


The solid melts, appears to boil and finally 
chars. No iodine evolved. 

Effervescence. Red brown colour chane- 
ing to dull violet. Violet colour extract^ 
by carbon tetrachloride to aive violet 
extract. 
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Concentrated nitric acid. 

' Cold. 


Hot. 

Sodium hydroxide solution 
20 per cent. 

Aqueous sodium nitrite 
solution. 

0-1 N silver nitrate. 

Folin-Ciocalteu phenol re- 
agent. 

Acid potassium iodafe solu- 
tion. 

Reinecke salt solution, 4 per 
cent. 

Saturated aqueous picric 
acid solution. 

. Saturated aqueous picro- 
lonic acid solution. 

Aqueous gold chloride solu- 
tion, 10 per cent. 

Aqueous platinic chloride 
solution, 10 per cent. 

Mayer’s reagent. 

Halogen determination 
(Volhard method). 


Effervescence. Brown colour. Insolu- 
. ble brown particles. On shaking with 
carbon tetrachloride violet solution 
obtained. 

As cold, but solution became colourless 
and iodine sublimed. 

Immediate white precipitate, which redis- 
solved on heating and reappeared on cool- 
. ing again. 

Cold. Immediate brown colour. Violet 
extract in carbon tetrachloride. 

Pale yellow precipitate not soluble in 
strong solution of ammonia. 

Little or no visible change. 

Brown precipitate. Completely soluble in 
carbon tetrachloride to violet solution. 
Probably iodine. 

Pink precipitate produced at once. 

Bright yellow precipitate, m.pt. 146’ to 
148°C. Not changed by recrystallisation 
from methyl alcohol. 

No immediate precipitate. Slow crystal- 
lisation on standing. Dull yellow crystals 
m.pt. 238 to 239° C. 

Immediate brown, precipitate, m.pt. 
170°C. Recrystallised from aqueous 
alcohol, m.pt. 174°C. 

Chocolate-brown precipitate m.pt.. 300 °C. 

Pale yellow precipitate. 

98-74 per cent, purity. 


Stability of solution. Solutions at concentrations of 1 in 250, I in 500 
and 1 in 1000 in physiological sah'ne solution were heated at 95° to lOO’C. 
for 30 minutes and kept in sealed tubes for 8 weeks, some in a cool dark 
place and others exposed to daylight at room temperature. All the 
solutions remained clear and colourless. 

Assay for non-quaternary material. 0-2 g.. accurately weighed, 
was added to a separating funnel containing water (200 ml.), followed 
by saturated sodium bicarbonate solution (5 ml.) and extracted 
with chloroform (3 x 20 ml.). The combined chloroform extracts were 
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washed with water (10 ml.), filtered through a plug of cotton wool into 
a tared beaker, and evaporated and dried at 100°C. for 1 hour. Residue 
on original material, 0-15 per cent 

Hexamethontum Bromide 

Hexamethonium bromide is a colourless, odourless, crystalline powder 
which, when dried for 2 hours at 95°C./20 mm. pressure and placed^ in 
a melting-point apparatus at 150°C. or below, heated rapidly to 260°C. 
and then at V /minute, had m.p.t. 21TC. (decomp., corr.). If it was put 
in the bath above 230°C. it sintered slightly and .then had m.pt. 273°C. 
(decomp.) This salt has a tendency to take up moisture, as shonm by the 
sintering which is observed when its m.pE is taken some weeks later. 
For analysis it was dried at lOO'C. in vacuo. Found; C. 39-9; H, STS; 
N, 7-95; Br, 43-8 per cent.; Ci^Fl^oN^Br; requires C, 39-77; H, 8-28; 
N, 7-73; Br, 44-21 per cent 

It is soluble in water (21 'C.) 1 g. in 1 ml. and at ICiO'C. 5 g. in 1 ml. 
A 1 per cent, solution is clear and colourless and has pH 6-56; a 10 per 
cent, solution has pH 6-0. The sterilised ampouled 1 per cent solution 
in physiological saline solution has pH 6-0. In ethyl alcohol at 20°C. its 
solubilitj’ is I g. in 30 ml. and at 78-5'C. 1 g. in 3 ml., w’hereas in methyl 
alcohol (20'C.) it is 1 g. in 5 ml. and at 64-1 ' C. 1 g. in 1 ml. It is insoluble 
in acetone, benzene, chloroform and ether, both hot and cold. At 100°C. 
the material lost 0-64 per cent On ignition the ash content was 0-02 
per cent 

Reaciions. 

Solid melts and blackens. 


Light yellow colouration. 

Very slight colour. 

Deep yellow. Bromine liberated. 

White precipitate which dissolved on 
heating. 

Cold. No apparent reaction, vers- slight 
yellow colour. 

Yellow precipitate soluble in concentrated 
ammonium %droxide. 

Colour changes to pale yellow after bod- 
ing, but on standing in the cold becomes 
turquoise. 

No reaction — cold or hot 

Pink precipitate formed immediately. The 
solution on standing did not chanse. 
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Efiect of heat 

Concentrated sulphuric acid. 

Cold. 

Hot. 

Concentrated nitric acid. 

Cold or Hot 

Sodium hydroxide solution. 

Aqueous sodium nitrite 
solution, 20 per cent 

0-1 N. silver nitrate. 

Folin-Ciocalteu phenol re- 
agent. 

Acid potassium iodate solu- 
tion. 

Reinecke salt solution, 4 per 
cent 
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Saturated aqueous picric 
acid solution. 

Saturated aqueous picro- 
lonic acid solution. 

Aqueous gold chloride solu- 
tion, 10 per cent. 


Aqueous platinic chloride 
solution, 10 per cent. 
Mayer’s reagent. 

Halogen determination 
(Volhard method). 


Bright yellow precipitate, m.pt. 232° to 
234 “C. RecrystaUisation from methyl 
alcohol did not change m.pt. 

No immediate precipitate. Crystallised 
slowly on standing to give greenish- 
yellow crystals m.p.t 243 °C. (decomp.). 
Immediate orange - brown precipitate 
m.pt. 259 °C. (decomp). Recrystallised 
from 50 per cent, aqueous ethyl alcohol, 
m.pt. 260° C. (decomp). 

Immediate buff-coloured precipitate m.pt. 
300“ C. 

Yellow precipitate. 

99‘15 per cent, purity. 


Stability of solution. Solutions at concentrations of 1 in 250, 1 in 500 
and I in 1000 in physiological saline were heated at 95° to 100°C. for 
30 minutes, and kept in sealed tubes for 8 weeks, some in a cool dark 
place and others exposed to daylight at room temperature. All the 
solutions remained clear and colourless. 

Assay for non-quaternary material. 0-2 g., accurately weighed, 
was added to a sperating funnel containing water (200 ml.), followed 
by saturated sodium bicarbonate solution (5 ml.) and extracted 
with chloroform (3 x 20 ml.). The combined chloroform extracts were 
washed with water (10 ml.), filtered through a plug of cotton wool into 
a tared beaker, and evaporated and dried at 100°C. for 1 hour. Residue 
on original material, 0-15 per cent. 

We are indebted to Mr. F. Ridgway for carrying out some of the 
determinations. 
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In the previous paper^, disinfection data from the reaction between 
Bact. coU and the monoalkyl ethers were analysed statistically. Mean 
probit-log. time regressions were calculated for each substance and 
confidence limits for the estimation determined. This present com- 
munication is devoted to the analysis of the disinfectant data of ex- 
periments conducted at 30°C. ; the statistical methods used follow 
exactly those in Part VI of this series of papers^. 


DisiNEEcnoN Studies of Ethylene Glycol and rrs Monoalkyl 
Ethers at 30°C. 

Probit-log. time regressions at 30° C. 

Experimental 

Concentrations of ethylene glycol and the ethers were prepared and 
their disinfectant activity tested against Bact. coli at 30°C. by means 
of the standardised techiiique*. In most instances four tests were carried 
out on each concentration. 

Results and Calculations 

Probit-log. time regressions were calculated for each test. Summaries 
of the terms necessary to calculate the mean slopes and the error mean 
square at each concentration are presented in Tables Ia to VId. 

table Ia 

Summary of terms from calculations of ?robit-log. time regressions of 
P lSlN-FECnON OF bact CPU BY CONCENTRATIONS OF ETHYLENE GLYCOL AT 30°C. 


, 70 0 

j per cent. 

1 4 573893 

3 440898 
6 590027 
U 

6 2986S9 
I 329273 
6 079953 


Concentrations of ethylene glyco 


SUE)’ 

SOD' 

ff 

SS for indiMdual regressions 
b 

SS pool 


62 5 
per cent. 

65 0 1 

per cent 

1 

67 5 
per cent 

1 591879 1 

5 869394 * 

2 657648 

1 003779 I 

j 

4 035156 1 

2 876413 

3 229J22 1 

1 

9 206112 

1 3 206060 

S 

13 

13 

3 199S91 

8 641415 

3 008845 

1 588894 

1 454565 

0 923945 

2 524539 

B 537411 

1 2 488896 
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table Ib 

Calculation of the error mean square of regressions from 
ethylene glycol at 30°C. 


concentrahons of 


Concentration 

Item 

Sum of squares 

N 

Mean square 

62-5 per cent. 

Common regression ... 
Variation in regression 

Total 

Residual in >» ... *]* 

2-524539 
j 0-675352 

1 

2 


3-199891 

1 0-029231 

3 

5 

0-005846 

65-0 per cent. 

Common regression 

Variation in regression 

Total 

Residual in }> 

8-537411 

0-104004 

J 

3 

8*5374H 

0-034668 

0-043438 

8-641415 

0-564697 

4 

13 

67 ■ 5 per cent. 

Coqimon regression 

Variation in regression .[. ] 

2-488S96 , 

0-519949 ! 

1 

5 

2-488896 

0-I038S9 

0-016434 

Total 

Residualin>' 

3-008845 

0-197215 

6 

12 

70-0 per cent. 

Coi^on regression 

Variation in regression 

6-079953 

0-218736 

1 

3 

6-079953 

0-072912 

0-024278 

Total 

Residual in >» *]’ 

6-298689 

0-291338 

4 

12 


TABLE Ic 

Summary of statistical data from calculations of probit-log. time 
regressions of concentrations of ethylene glycol at 30°C. 



Residual in y I 

1 Variation in b 


1 i 

Concentration ' 

ss 

i ^ 1 

ss 

1 1 

/ I 

1 pooled b j 

1 5I(*-5)(>->0] i S{x-x)> 

62-5 per cent. 

0-029231 j 

5 i 

0-675352 

i ■ 'i 
■ ^ ! 

2-524539 

1-591879 1-003879 

65-0 per cent. 

0-564697 j 

13 1 

0-104004 

i 3 

8-537411 

5-869394 4035156 

67-5 percent. 1 

0-I9721S j 

12 ; 

) 

0-519949 

5 

2-488896 

2-657648 2-876413 

70>0 per cent. 1 

0-291338 j 


0-218736 

3 1 

6-079953 

4-573893 3-440S9S 

Totals 

I -082481 1 

f 

- 

1-518041 

1 i 

19-630799 

14-692814 11-356346 


14-692814 

b = = 1-293798 

11-356346 

(14-692814)' 

55 for joint regression — = 19 009529 

11-356346 


TABLE Id 

Mean squares of the variations in the prodit-log- time regressions from 
disinfection of bact. cou by concentrations of ethylene glycol at 30'C. 


Item 

N 

! Sum of squares 

Mean square 

Grand regression 

... '■ I 

J9 -009529 

19 009529 

Variation in regression between concentrations 

3 

0 621270 

0-207090 

Variation in regression within concentrations ... 

13 

' I-5IS04I 

0- 116772 

Residual in y 

42 

l'0824SI 

1 

0-025773 
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Combined da(a from the calculations of the probit-log. time regressions 
for ethylene glycol and its monoalkyl ethers at 30 C. 

Table VII presents a summary of the massed statistical data from 
the calculations of probit-log. time regressions for concentrations of 
ethylene glycol and its moiioalkyl ethers at 30°C. From it has been 

calculated the mean slope (6=1'5230) and the sum of squares for the 
joint regression (121-781173). 

TABLE IlA 

Summary of terms from calculations of probit-log. time regressions of 

DISINFECTION OF BACT. COU BY CONCEN-TRATIONS OF ETHYLENE GLYCOL MONOMETHYL 

ETHER AT 30°C. 


Concentrations of eihjiene glycol monometbyl ether 


Ob'ier^ation 

I 

35*0 
per cent. 

1 37-5 

1 per cent. 

1 

40-0 j 

pet cent. J 

}•- 

42-5 
per cent. 




4-661846 

' 4-190510 

{ 

i 

2-a\2453 

3-945919 

SU-3)= 


3-060121 

' 3-194711 

1-67646S 

3-512930 

Sii-W 


7-476572 

, 5-949571 

3-278S53 ; 

4-811554 

N 


11 

1 13 

! : 

14 

SS for individual regressions . 


7-255987 

1 5-632065, 

< 3-182261 ' 

4-686665 

it 


1-523419 

! 1-311702 

’ 1-319711 1 

1-123156 

S’S pool 


1 7-101944 

j 5-496702 

j 2-919798 j 

4-432276 


The analysis of variance of the massed regressions is set out in Table 
VIII. The z’s for the various combinations have been calculated by the 
technique employed in Part VP and have been presented in Table IX. 
The mean square for the residual in y (0-027826) has been used as 

TABLE Db 


Calculation of the error mean square of regressions from concentrations 

OF ETHYLENE GLYCOL MONOMETHYL ETHER AT 30’C. 


1 

Concentration | 

Item j 

Sum of squares ! 

1 

N 

Mean square 

35 0 per cent 

Common regression 

Variation in regression 

7-101944 

0-154(M3 

1 

3 

7-101944 

0-051348 


Total 

Residual in y 

7-255987 
. 0-220585 

4 

0-020053 

37-5 per cent. 

Common regression 

Variation in rcgressioti 

5-496702 

0-135363 

1 

. 3 

5-496702 

0-044841 


Total 

Residual in y 

5-632055 

0-317506 

4 

13 

0-024431 

40*0 per cent. 

Common regression 

Variation in regression *** 

2-919798 

0-262463 

1 

3 

2-919798 

0-087486 


Total 

Residual in y ... 

3-182261 

0-096592 

4 

7 

0-013797 

42*5 per cent 

Common regression ... 
Variation in regression *1* 

4-432276 

0-254389 

1 

3 

4-432276 ^ 

0-084796 


Total 

Residual in y... 

4-636665 

0-124S89 

4 

14 

0-008921 
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TABLE lie 

uin:. Ol- ETHYLENE GLYCOL MONOMEraYL ETHER AT 30°C 


Concentration 

Residual 

in y 

Vanaljon in b 

SS pooled 6 

SKx-3)0-Dl 

S{x-x)' 

ss 

N 

SS j 

1 ^ 

35 0 per cent 

0 220585 

11 

0 154043 1 

3 

7 101944 

4 661846 

3 060121 

37 5 per cent 

0 3 I 7506 

13 

0 135363 1 

3 

5 496702 

1 4 190510 

3 194711 

40 0 per cent 

0 096592 

9 1 

0 262463 1 

3 

2 919798 

2 212453 

I 67646S 

42 5 per cent 

0 124889 

14 1 

0 254389 1 

3 

4 432276 

3 945919 

3 512930 

Totals 

0 759572 

45 1 

0 806258 j 

12 1 

19 950720 

15 010728 

11 444230 


6 = 


SS for joint regression ^ 


15 010728 


11 444230 
(15 010728)’ 


II 444230 


1 311642 
19 686695 


table Hd 

diswfeoton'*^^ probit-log. time regressions from 

-4 T COLl BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOMETOYL 
ETHER AT 30°C 


Item 

i V 

Sura of squares | 

[ Mean square 

Grand regression 

1 • 1 

19 688695 1 

19 688695 

Variation in regression between concentrations 

3 

1 

0 36202S j 

0 087342 

Vanation in regression within concentrations j 

1 

12 1 

0 806258 

0 0671 89 

Residual in } 

45 

0 759572 

0 016879 ' 


TABLE IllA 

Summary of terms from calculations of probit-log time regressions of 

DISINFECTION OF BACT COLl BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOETHYL 

ETHER AT 30°C 


Concentrations of ethjicne gl>col monoeih>I ether 


, 

12 5 
per cent 

15 0 
per cent 

17 5 

^ per cent 

20 0 
per cent 

S[(x-x)(y-T)] 

5 204340 

2 643049 

2 917334 

2 356392 

S(x-x)^ 

3 656711 

I 924663 

2 346900 

I 824886 


8 478306 

4 I69I34 

^ 3 977931 

3 174931 

S' 

13 

9 

11 

5 

SS for individual regressions 

7 867899 

3 749695 

3 755170 

3 122334 

b 

I 411649 

I 373353 

I 2430^9 

1 291254 

VS pool 

7 M6699 

3 629575 

3 626417 

3 042701 
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- TABLE IIlB 

Calculation of the error niean square of regressions from concentrations 

OF ETHiXENE GLYCOL MONOEFHTX ETHER AT JO'C. 


Concentratioa 

‘ Item 

» } 

< Sum of squares j 

N 

Mean square 

12-5 per cent 

j Common resresaon — 

1 Variauon in regression 

1 Total 

j Rcridnal in 

; 7-346699 ! 

1 0-521700 1 

7-S67S99 

0-610407 

I 

3 

n ' 

13 

’ 7-346699 

0-173733 

1 0-046950 

15-0 per cent 

* Common regression ... 

^ Variation in regression 

* Total 

^ Residual in 

3-629575 
! 0-120120 

. 3-749695 j 

0-419439 i 

1 

3 

4 

9 

' 3-629375 

, 0-040040 

0-046604 


Common regression ... 

t 3-62«l7 


3-626417 


Variation in regression 

0 12S753 ! 

3 

, 0-04291S 



I 3-755170 1 

4 



' Residual in j 

^ 0-222761 } 

11 

0-020251 


Common regression ... 

3-W2701 1 

1 

3-042701 


Variation in regression 

0-079633 1 

3 

. 0-026544 


Total 

3-122334 • 

4 

, 


Residual in y 

0 052597 » 

\ 

5 

J 0-010519 

1 


TABLE IIIc 

SUMSURY OF STATISnCAL DATA FROM CALCULATIONS OF PRORfF-LOG. TLME REGRESSIONS 
OF CONCENTRATIONS OF ETHYLENE GLYCOL MONOETHYX ETHER AT 30'C. 

1 1 

Residual m y Variation in b 

Coaceatiation SS pooled b , SKx-3X>-T)3 5'(x-E)* 

<*c* »» ' 



ss 

.V 


.V 




12-5 per cent 

0 610407 

13 

0 521200 

3 

7 346699 ’ 

^ 5-204340 

3-6S671I 

15 0 percent 

0 419439 

9 

0 I20I20 

3 

3-629575 

! 2 643049 , 

1-924663 

17 5 per cent 

0 222761 

11 

0 12S753 

3 

■ 3 626417 

2-917334 

2-346900 

20 0 per cent 

0 052597 

5 

0 079633 

3 

• 3 042701 

1 2-356392 ; 

1 1-S24SE6 

Totals . 

1 305204 

3S 

0 S49706 

12 

17-645392 

j 13-121115 

1 9-7S3I60 


13 121115 

b = 1= 

9 783160 

- 03 - 121115 )= 

55 for }ouii resression == — = 17-597960 

9-783160 


TABLE niD 

Mean squares of tto variations in the probit-log. time regressions from 

DISINFECHON OF B^ICT. COU BY CONCENXRAHONS OF ETHYXENX GLYC^MO^O'SS^ 

ether at 30=C. - nil- 


lira 

Grand regrcssioa 

Vanauon la rcsression betT^een concentrations 
Vanauon la resressioa \^Tthia conccatraiions 
Residual ia y 


I S c i ia cf SQuares j Nlenn sQuarc 
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^^Stiificance of the difference between the mean squares for 
variation in regression between concentrations and variations in regression 
between individual tests. 


The same formulas as have been used in Part VP are again used here. 
-Vi=19 and therefore / 2 == 30-1522. 


1-6449 


(5 per cent )" — 


■0-7843 (j^-~)=0-27416 


Hence z 

V 30-1522-1 

The obse^^ value of 2(1-99119) is less than that calculated at the 5 per 
cent, level, hence P > 0-05. 


Summary of terms from 
DISINFEC nON OF BACT COU 


TABLE IVa 

CALCULATIONS OF PROBIT-LOG. TIME REGRESSIONS OF 
BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOPROPYL 

ether at 30°C. 


Concentration oE ethylene glycol monopropyl ether 


Observation 

1- — 






1 3 

4 

! 5 


1 ^ 


per cent 

per cent 

! per cent 

1 per cent 

SIU-TXj-t)] I 

1-890377 

1 439740 

2 695830 

4 63943S 

j 

0 897739 

0 599865 j 

I 445619 1 

2 113064 

Sty-rv 1 

4 421 353 

4 197453 1 

5 949648 1 

11 016602 

JV 1 

5 

5 1 

6 


11 

55* for individual regressions 

4 274127 

4 093332 1 

5 760662 1 

10 876641 

b 

2 105709 

2 400107 j 

1 864827 

2 195597 

SS pool 

3 980584 

3 455530 

5 027254 

10 186338 


TABLE IVb 




Calculation of the error mean square of regressions from concentrations 

OF ethylene glycol monopropyl e-ther 

AT 30"C 



Concentration j Item j 

Sum of squares 

I ^ 

1 

j Mean square 

3 0 per cent Common regression 

3 9S0584 

f 1 


3 980584 

Variation in regression 

0 293543 

1 2 


0 146772 

Total 


4 274127 

1 3 



Residual in y 


0 147226 

1 5 


0 029445 

4 0 per cent Common regression 

3 455530 

1 1 


3 455530 

Variation in regression 

0 637802 

1 ^ 

j 0 212601 

Total 


4 093332 

' '* i 



Residual m y 


0 104I2I f 

5 ! 

1 0 020S24 

5 0 per cent- Common regression 

5 027254 J 

1 

5 027254 

j Variation m regression 

0 733408 

3 

0 244469 



5 760662 

4 



Residual in y 


0 18&9S6 

6 

0 03149S 

6 0 per cent Common regression 

10 186338 

I 

10 

186138 

' Vanaiion in regression 

0 690303 

3 

g 



10 876641 

4 



Residual in y 

1 

1 

0 139961 

11 

0 0IZ724 
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Since there was no significant difference between the two items, the 
sums of squares have been combined and dmded by the appropriate 
number of degrees of freedom to give an error mean square of 0‘094755 
(Table vm). 

TABLE IVc 


SOJitMARY OF STATISTICAL DATA FROM CALCULATIONS OF PROBIT-LOG. TIME REGRl^IONS 
OF CONCENTRATIONS OF ETHYLEN-E GLYCOL MONOPROPYL ETHER AT 30'C. 


! 

Concentration 

Residual in y | 

1 Variation in b 

1 t 

j SS pooled b 

! 

siu-txf-diI 

i I 

S(i-T)' 

SS 

! N 

J 

I , SS 

iV 

3-0 per cent. 

0-UT226 

i 5 

^ 0-293543 

.2 

' 3-980584 

' 1-E90377 

1 0-E97739 

4-0 per cent. 

0-104121 

5 

( 0-637802 

3 

i 3-455530 

; 1*439740 

0-599865 

5*0 per cent- 

0-188986 

6 

0-73340S 

3 

j 5-027254 

2-695830 ; 

1-445619 

6-0 percent. 

0-139961 

n 

i 0-690303 1 

> 3 

, 10-186338 

1 4-639438 

2- 1 13064 

Totals 

0 -580294 

27 

1 2-355056 ' 

! " 

j 22-649706 

j 10-665385 

j 5-056287 


10-665385 

b = = 2-109331 

5-D5628T 

(10-665385)' 

SS for ioint regression = = 22-496832 

5-0S6287 


TABLE TVd 

Mean squares of the variations in the probit-log. time regressions from 
DISINTEC nON OF BACT. COtl BY CONCENTRATION'S OF ETHYLEN'E GLYCOL MONOPROPYL 

ETHER AT 30°C. 


Ilem 

Grand regrcssioa 

Variation in regression betw een concentrations 
Variation in regression within couccntraUQm ... 
Residual in >• 


N 

^ Sum of squares j 

Mean sqnare 

1 

22-496832 

22-496832 

5 

0- 1 52874 

0-050958 

11 

2-355056 

0-214369. 

27 

0-580294 

0-021492 


TABLE Va 


Su.M3.lARV OF TERMS FROM CALCULATIONS OF PROBIT-LOG. TIME REGRESSIONS OF 
DlSlNFECnON OF BACT. COU BY CONCENTRATIONS OF ETHYLENE GLYCOL .MONOBUTYL 

ETHER AT 30'C. 


Concentration of eth>Iene glycol monoEuljl ether 


ObscTv'atioa 


5tx.5)> ... 

s{y-yr ... 

S 

iS5 for iadiridual regre ss ions 

h 

pool 


1-5 ' 

per cent. 

i 

2-0 1 
per cent. : 

2'5 

per cent. 

3-0 

per cenu 

3- 109591 

3-810624 

4-120585 

4-262868 

1*924012 

2-589282 ; 

; 2-602655 

2-416612 

5-471177 

6-077422 1 

1 6-713748 

1 7-85354! 

n 

11 

10 

1 

' 9 

; 5 {K8367 

j 

. 5-806799 

5-591779 1 

1 7-523255 

' I -616202 

■ I-47I69I 

1-583224 

I -763985 
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TABLE Vb 


Calculation of the error mean square of regressions from concentrations 
OF ETHYLENE GLYCOL MONOBUTYL ETHER AT 30°C. 


Concentration 

j Item 

Sum of squares 

j N 

Mean square 

1 ’5 per cent. 

Common regression 

5-025726 

1 1 

5-025726 

•• 

Variation in regression 

0*022641 

' 3 

0-007547 


Total 

5-048367 1 

4 

! 


Residual in >• 

0*422810 ' 

11 

j 0-038437 

. 2*0 per cent. 

Common regression 

5-608063 

1 

1 5 -603063 


Variation in regression 

0-198736 

3 

j 0*066268 


Total ! 

5-806799 

4 



Residual in y j 

0*270623 

11 

! 0-024602 

2*5 per cent. 

Common regression 1 

6-523808 

1 

6-523808 


Variation in regression 

0-067971 i 

3 

0-0229S6 


Total - ... I 

6-591779 

4 { 



Residual in y j 

0-121969 

10 ! 

00I2I97 

3-0 per cent. 

Common regression ... ... | 

7-519636 

1 

7-5IP636 


Variation in regression ... j 

0*003619 

3 

0-001208 


Total [ 

7-523255 

4 



Residual in >» ( 

\ 

0-330286 

9 

1 

0-036699 


TABLE Vc 

Summary of statistical data from calculations of probit-log. time recrksion. 
OF concentrations of ethylene glycol MONOBUTYL ETHER AT 30°C. 



Residual 

in y 

Variation in b 


^ St(x-T)()-jF)j 


Concentration 





SS pooled b 








SS 

* N 

SS 


I 



I *5 per cent. 

0-422810 

11 

0-022641 

3 

5 025726 

3-109591 i 

1-924012 

2*0 per cent. 

0*270623 

n 

0-198736 

3 

5-608063 

3-810624 1 

2-589282 

2*5 per cent. ' 

0-121969 

10 

0-067971 

3 

6^523803 

4-120585 

2-602655 

3*0 per cent. 

0-330286 

9 

0-003619 1 

3 

7-519636 

4-262868 ‘ 

2-416612 

Totals 

1*145688 

1 41 , 

0-292967 

12 

24*677233 

15-303668 

9-532361 


b 


SS for joint regression 


15-303668 

9-532561 

05-303668)= 

9-53256! 


I 605410 

24-568660 


TABLE Vd 

lEAN SQUARES OF THE VARIATIONS IN THE L 

ISINFECnON OF SACT. COU BY CONCENTRATIONS OF ETHYLENE GLICOL MO. 

ETHER AT 30’C. 


hem 


5tim nf inuarcs 


sauarc 


Grand regression 

Variation in regression between conccntratioris 
Variation in regression within concentrations . 
Residual in V 


2456S660 

0108573 

0-292967 

M4568S 


24- 568660 
0-036191 
0024414 
0-027944 
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Test of significance of the difference between the mean squares M jhe 
variation in regression between the different compounds and the residual 

in y. - . 1 . 4 . 

5 and ; from the statistical tables it is seen that 

the observed value of (0-894322) is larger than the theoretical value 
even at the 0-1 per cent, level, (about 0-7>, hence P <0-001. 

TABLE VIA 

SWLMARY OF -rBRMS FROM CALCULATIONS OF PROBIT-LOG. TIME REGRESSIONS OF 
DISINFECTION OF BACT. COU BY CONCENTRATIONS OF ETHYLEN-E GLYCOL MONOHEXYL 

ETHER AT 30'C. 


ConcenttatioD of eth>lene gljcol monohexyl ether 


Observation 

0-325 
per cent. 

0-350 } 

per cent, j 

0-375 
per cent* 

' 

0-400 
per cent. 

__ — 

0-425 
per cent. 

sKi-YKj-DI 

2-915882 

1-959550 

1 -374006 

2-103304 

2-816573 

S(x-xV 

1-219958 

0-753519 

0-751145 

0-987800 

\ 1-619699 

: 

Sly-W 

7-555418 

5-700525 

3-132374 

4-970084 

I 5-323962 

N 

11 

7 

8 

' 7 

\ 6 

1 

SS for individual regressions ... 

7-147758 

' 5-402183 

2-776206 

4-656061 

j 5-U7676 

6 

2-390150 

2-600532 

1-829215 

. 2-129281 

I 1-738948 

SS pool 

6-969394 

5-095872 

2-513353 

! 4-478526* 

’ 4-S97S7S 


TABLE VIb 


Calculation of the error mean square of regressions from concentrations 
OF ethylene glycol monohexyl ether at 30'C. 


Concentration 

Item 

Sum of squares ^ 

N 1 

Mean square 

0 325 per cent- 

Common regression ... 

6-969394 

1 

6-969394 


Variation in regression 

0-nS364 

3 

0-059455 


Total 

7-14775S 

4 , 



Residual in y 

0-407660 

u ' 

0-037060 

0 3S0 per cent. 

Common regression ... 

5-095872 

1 

5-095S72 


Variation in regression 

0-306311 

3 ; 

0-102104 


Total 

5-402183 

^ 1 



Residual in y .. 

0-298342 

7 ' 

0-(M2622 

0 375 per cent. 

Common regression . . 

2-513353 

I 

2-513353 


Variation in regression 

0-262853 

3 

0-087618 


Total 

2-776206 

4 



Residual in y ... 

0-356168 

8 

0-04452! 

0 400 per cent. 

Common regression ... 

4-478526 

I 

4-478526 

0-088767 


Variation in regression 

0-177535 

2 


Total 

4-656061 

3 . 



Restdual my 

■ . : 0-314023 

7 1 

0-04486 

0 425 per cent. 

Common regression ... 
Variation in regression 

4-897875 

0-219801 

1 ‘ 
2 

4-897875 

0-109901 


Total 

. Residoal in y ... 'V. 

5-U7676 
... 0-206286 

3 

6 ‘ 

0-034361 
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TABLE Vic 

Summary of statistical data from calculations of probit-log. time regression 
CONCENTRATIQNS OF ETHYLENE GLYCOL MONOHEXYL ETHER AT 30°C. 


Concentration 

Residual in y 

Variation in b 

S.S pooled b 

SKx-m-T)] 

S(x-x)' 

ss 

TV 

ss 

N 

1 

0*325 per cent. ' 

0-407660 

11 

0- 178364 

1 

3 

6-969394 

2-915882 

1 -219958 

0*350 per cent, ! 

0-298342 

7 

; 0-306311 

3 

5-095872 

1 -959550 

0-753519 

0*375 per cem. 

0-356168 

8 

0-262853 


2-513353 

1-374006 

0-751148 

0*400 per cent. 

0-3(4023 

7 

0-177535 

2 

4-478526 

2-103304 

0-9878 

0*425 per cem. 

0-206286 

6 

0-219801 

2 

4‘897S75 

2-816573 

1-619K 


U -169315 

b 2-094723 

5-332121 

. (11-169315)' 

AS for joint regression = = 23 -3965 IS 

5-332121 

TABLE ViD 

Mean squares of the variations in the probit-log. time regressions fro 
DISINFECTION OF BACT. COU BY CONCENTRATIONS OF ETHYLENE GLYCOL MONOHEXl 

ETHER AT 30°C. 


Item 1 

! ^ 

1 Sum of squares | 

Mean square 

Orand regression i 

1 

j 23-396618 ! 

23-396618 

1 

Variation in regression between concentrations ... j 

4 

1 0-558402 j 

0-139605 

Variation in regression within concentrations j 

13 

I 144864 1 

0 0S8066 

Residual in > | 

39 

j 1-582479 1 

0-040576 


Test of significance of the difference between the mean squares for b 
variation in regression between concentrations and the residual in y. 

Here Ni=l9 and N«=232, therefore /i=35-1235 ; from this ^{5 per cen 
=0-24366. 

The observed value of z(0-299278) is greater than that calculated a 
the 5 per cent, level, hence P <0-05. 

Test of significance of the difference between the mean squares for tin 
variation in regression between tests and the residual in y. 

Here iVj=73 and No^231, therefore /i= 111 -056 ; from this ■‘(5 per cem ) 
=0-1497. 

The observed value of r(0-308143) is greater than that calculated at 
the 5 per cent. level, hence P <0-05. 

Test of significance of the difference between the mean squares for the 
variation in the pooled regression (j.e. between concentrations between 
tests and residual in ji’.) 

Here h\^92 and Ni=232, hence /;= 131 -7531 ; from this r^j p^r c.-nu 
=0-1387. 

The observed value of r(0-3063) is greater than that calculated at the 
5 per cent, level, hence P <0-05. 
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The variance of h is given by the formula = where 

TablVvmiTnd^SY^^-S^^ Probit), i.e. the error mean square (0-094755, 
iable vni) and S{x-xY is the corrected sum of squares of x (the log. 


TABLE VIII 

CoIfcEOTRATONS^OF FN? REGRESSIONS FOR DISINFECTION OF BACT COLI BY 

concentrations of ethylene glycol and its monalkyl ethers at 30°C 


Item 


1 ^ 

S5 

1 Mean square | 

1 Variance ratio 

Probability 

Massed regression 

i 

1 

I2I 781 173 

1 ' 

121 781173 



Variation in regression 







compounds 


5 

4 977121 

0 995424 1 

i 

1 


Variation in regression 

between 



1 



concentrations . 


19 

1 750576 

0 092136 j 

1 

see Table IX 

Variation in regression 

between 



1 





73 

6 966892 I 

0 095437 

1 


Residual in y 

1 

232 

6 455718 1 

0 027826 1 

1 

1 


Pooled error 

1 

92 

8 717468 j 

0 094755 1 

1 



TABLE IX 

CALCULA-nON OF E S FOR THE ITEMS IN THE ANALYSIS OF VARIANCE OF THE MASSED 
REGRESSIONS IN TABLE VIII 



Variance ratio 
(VR) 

logioV R 

log. V R « 
log,»VR XI 15129 

r=!log,VR 

f 

1 Probability 

19/73 

0 965412 

T 9847 

r 98238 

1 99119 

>0 05 

5 '232 

35 773162 

I 5536 

1 78864 

0 89432 

<0 001 

19/232 

3 3UI48 

0 5199 

0 59856 

0 29928 

<0 05 

73/232 

3 429774 

0 5353 

0 61629 

0 30SI4 

<0 05 

92/232 

3 405000 

0 5321 

0 6126 

0 3063 

<0 05 



TABLE 

X 




The probit-log time regression coefficients with their standard errors, of 


THE REACT70N 

BETWEEN 

BACT 

COU AND ETHYLENE 
ETHERS AT 30°C 

GLYCOL 

AND ITS MONOALK^ 


1 





i IV 

Ratio 

Compound 


b 

A' 


»V 

j 

of 







' S(x x)* 

1 

b to TA 

Ethylene gUcol 

I 

29379S 

13 

1 1 356346 


^ 0 09135 

14 

Monomeihyl ether 

I 

311642 

12 

11 444230 


0 09099 

14 

Monocth\l ether 

I 

341194 

12 

9 783160 , 

!-0 094755 

0 09842 

M 

Monopropyl ether 

2 

109331 

11 

5 056287 

0 01369 


Monobutvl ether 

I 

60M10 

12 

9 532561 


0 09978 

16 

MonohexNl ether 

2 

094723 

13 

5 332I2I J 


0 13330 

K 
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time) for the regression lines of each compound. The standard error 
of the recession coefficients (Fj) have been computed and set out m 
Table X As in the experiments at 20'’C., the ratio of the regression 
coefficients to their slopes is large, thereby indicating^ that b has been 
satisfactorily estimated. Comparison with the results in Part VI, Table 
IX, indicates that the values of b are higher at 30°C. than at 20 C. 


Conclusions 

As with the results from the experiments at 20°C. (Part VI^), the analysis 
of variance indicates that there is a significant variation in regressions 
between the different compounds, i.e. each substance has its characteristic 
regression coefficient which differs significantly from the average of the 
series. 

The analysis also shows that the variations in the regressions betv'een 
the concentrations of the substances are of the same order as the variation 
betu'een the individual tests at a particular concentration. Hence the 
regressions of different concentrations of the same substance may be 
taken as parallel. 

SUMXURY 

1. The course of the disinfection (at 30°C.) between Bact. coli and 
several concentrations of ethylene glycol and the following ethers : 
monomethyl, monoethyl, monopropyl, monobutyl and monohexyl has 
been investigated. Several experiments were conducted at every con- 
centration and probit-log. time regressions calculated for all experiments. 

2. For every concentration of a substance the sum of squares for the 
common regression and for the variation in regression were calculated ; 
the error mean square of the regression was also computed. 

3. The data for every concentration of each compound have been 
pooled and a mean regression has been calculated for each compound. 

4. The statistical data from all the calculations for the terms of the 
regressions for every concentration of the compounds (at 30°C.) have 
been massed and an analysis of variance carried out. 

5. The probabihUes for the differences between the mean squares of 
the items in the analysis of variance have been deduced by means of the 
e distribution. 


6. No significant difference could be shown between the variation in 
regression between concentrations and betw'een tests ; these two errors 
have been pooled in order to establish the error mean square for all the 
estimations performed. 


7. The probit-log.time regression coefficient for every compound 1 
been compared with its standard error ; in aU cases the ratio was lar 
thereby indicating that b had been estimated satisfactorily. 
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ALKALOIDS 

Cinchonamine, Qiunamine and Yohimbol, ReJation beUvecn. M. R a >- 
m o n d - H a m e t. (C. R. Acad. ScL, Paris, 1948, 227, 1182.) Cinchonamine 
has the same empirical formula as yohimbol, the ultra-violet absorption 
curves are identical, and both give similar colour reactions. On the other 
hand Che different physiological actions of these two compounds suggest 
a difference iii the nuclear skeleton. Cinchonamine only differs from quin- 
amine by having one oxygen atom less, and it has been suggested that its 
structure only differs by having CHjOH in place of CHj in the a-position 
on the indole group. lodomethylation of yohimbine considerably decreases 
the sympathicolytic activity, whereas with cinchonamine and quinamine it 
produces a considerable increase in this action. Further the Sivadjian 
reaction gives quite different results with yohimbine and cinchonamine. In 
presence of an oxidising agent, cinchonamine gives with sulphuric acid an 
intense blue colour which is not obtained with quinamine, and is possibly due 
to the 2:3;4;5-tetrahydro-p-carbolinic grouping. The absorption spectra of 
cinchonamine and of quinamine are quite different. o. M. 

ANALYTICAL 

Acetone, Determination of. R. E. Byrne. (Anal. Chem., 1948, 20, 
1245.) A method is described which is accurate for amounts of acetone 
up to 25 ug./ml., being based on the estimation of the hydrochloric acid 
released after combination of the acetone with hydroxylamine hydro- 
chloride. The release of acid causes a drop in pH and there is a definite 
relation between pH change and the quantity of acetone present. Standard 
curves are given connecting pH with acetone content under the prescribed 
conditions. The effect of ethyl alcohol on the pH is also studied. The 
range of sensitivity of the curves may be extended by varying the con- 
centration of hydroxylamine hydrochloride used. Determinations are not 
perceptibly affected by variations of room temperature between 20° and 
30° C. R- E- s. 

Acetylacetone and Related jS-Diketones, Colorimetric Determination of. 

R. F. Witter, J. Snyder and E. Stotz. (/. biol. Chem., 1948, 
176, 493.) Methods are given for the colorimetric determination of 2 to 8 
micromoles of a number of yS-diketones. The colour reaction involves a . 
condensation of the diketone with o-phenylenediamine in acid solution 
to produce a reddish purple colour. Acetylacetone in this reaction yields 
2:4-dimethyl-l : 5-benzodiazapine hydrochloride; iriacctic acid appeared to 
be decarboxylated to acetylacetone during the period of colour development, 
ethyl triacetate either reacted directly or was partly hydrolysed since the 
colour per mole of ester was less than with acetylacetone or the free acid; 
triacetic lactone did not react and was determined after conversion to 
acetylacetone by hot acid hydrolysis. Detailed conditions for the reaction 
are given in which the colour developing during 30 minutes at room tem- 
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peraturc was determined at 500 using a photo-electric colorimeter. 
No colour was formed with diacetyl, acetoin, acetone, acetaldehyde, succinic 
acid fumaric acid, acetoacetic acid, oxalacetic acid, tevuhnic acid, citric 
acid ethyl acetoacetate, ethyl tevulinate. or diethyl acetonedicarbo^iate. 
The" following substances interfered with the reaction; tungstic acid, oxidising 
a-ents bisulphite, hvdroxi'lamine, semicarbazide, piTuvic acid, diacetyl, 
formaldehyde, crotonaldehyde. The crotonaldehyde interference due to the 
production of a veUow colour with the reagent could be eliimnated by the 
use of sodium bisulphite. A 10 per cenL glucose solution or 04 M urea 
solution did not interfere. The recovery of acetsiacetone or triacetic lactone 
added to various biological systems was of the order of 95 to 100 per cent. 


F C 


.Adrenaline, Colorimetric Determination of. M. Peronnet. (Ann. 
pharm. Franc, 1948, 6, 365.) In the colorimetric determination of adrenaline, 
using iodine as oxidant, it is usual to remove the excess of the latter by means 
of thiosulphate. Since secondars' reactions result from the thiosulphate, the 
author recommends that the excess of iodine be removed by shaking with 
benzene. The colour obtained in this way is stable over a considerable 
period, whereas that obtained by the thiosulphate method steadily decreases. 
Details are as follows. To 5 ml. of a solution of adrenaline 5 ml. of a 10 
per cent solution of sodium acetate and 2 ml. of 0-02N iodine solution are 
added; after 5 minutes, 2-5 ml. of water is added and the excess of iodine is 
removed by shaking with three successive 5 ml. quantities of benzene; the 
colour is then determined. ■ c. m. 


Adrenaline in Pharmaceutical Products, Photometric Determination oL 
I. R. Doty. (Anal. Chem., 1948, 20, 1166.) The determination depends 
on the addition of an alkaline buffer to a slightly acid solution containing 
adrenaline and a ferrous salt, when a blue colour begins to develop at about 
pH 6-5 and gradually changes to the characteristic red-blue colour which 
attains a maximum intensitv’ at about pH 8 to pH 8-5. The method is 
mostly of value when the adrenaline content is at least 10 p.p.m., optical 
density measurements being made at 530 mp. The reaction appears to be 
specific for compounds possessing at least two phenolic groups attached 
to adjacent carbon atoms. No colour is produced w’ith phenol, neo- 
synephrine, resorcinol, hydroquinone, orcinoL phloroglucinol, or phthahe 
acid but an atypical colour response is observed with as little as 5 mg. of 
salicylic aad. Typical colour reactions are produced by pyrocatechol' pyro- 
gallol, adrenaline and cobefrin. Among inorganic ions "bisulphite affits the 
colour iutensits , The method can be used in the presence of procaine hvdro- 
chlonde without turbidity. Solutions of tetracaine hvdrochloride, metvcaine 
hydrochloride and some other products become cloudv or milky W'hen the 
buffer reagent is added; in this case isopropyl alcohol is added to the 
anesthetic solution and the colour is then developed as usual. R. e s 

Arsenic, Determination of Small Quantities of. P Paiilssp,, 

Wcem., 1949 84 33.) The method, as applied\o ar^iS'^^ °'as St" 
2 pills are rubbed dowm with a httle 6N hydrochloric add and transfe^ed 
to a conical flask with 10 to 15 ml. of the acid Sn mo 
is added and, after standing for 5 minutS the mL^ 
water-bath for 10 minutes no mh n ^ ® 

repeated with a further 50 me. of potassium chloStf^ treatment 

a plug of cotton wool, the filtrate is treated with lo'^.^of 
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solution of calcium hypophosphite in 25 per cent, hydrochloric acid, and a 
little finely divided asbestos is added to the mixture, which is heated on the 
water-bath for 30 minutes. The precipitated arsenic is filtered off on asbestos 
supported on a perforated platinum plate, and washed with water, then with 
alcohol and finally again with water. The plate with the deposit is trans- 
ferred to a flask, the filter tube being washed with water, and treated with 
25 ml. of 0-008N ceric sulphate solution. After the arsenic has completely 
dissolved, a few drops of a 0-25 per cent, solution of osmic acid in dilute 
sulphuric acid are added, and one drop of 0-025M o-phenanthroline iron 
solution, and the excess of ceric sulphate is titrated with 0-005N arsenious 
acid to the first change to red. The method may also be used for atoxyl and 
neosalvarsan. G. if. 

^.p'-Dichlorodiphenyltrichloroethane (D.D.T., Dicophane) in conunercia! 
samples. R. L. Wain and A. E, Martin. (Analyst, 1948, 73, 479.) 
The determination by the dehydrohalogenation method was studied in detail 
with particular reference to the behaviour of the ortho compound which is the 
most important impurity in commercial samples. The rates of reaction of 
samples when treated with standard alcoholic potassium hydroxide solution 
were determined by estimation of the chloride produced, using Volhard’s 
method. At 23°C. the dehydrohalogenation of both the o,p'- and the 
p,p'- compounds was found to be a second-order reaction with rate constants 
of 0-0008971 and 0-03704 1,/moI/sec. respectively. Tables and graphs are 
given for the rates of dehydrohalogenation of known mixtures of pure o.p- 
and p,p' compounds and also for commercial samples of known p,p'- content 
(as determined by Balaban and Calvert’s crystallisation method). A reaction 
time of 60 minutes at 23 '“C. was chosen for the determination since this 
effected complete dehydrohalogenation of the p,p'- compound while only 0-2 
equivalent of chloride ion per mol. was lost from the o.p'-isomer. A graph of 
chloride ion liberated from commercial samples treated under these condi- 
tions against p,p'-isomer content is given and the following equation; 
percentafie of p,p-isomer = (T56 x mg. of Cl'/g. sample) — 58-1, is 

tentatively Suggested. R- 

Phenol and 'Structurally Related Compounds, Determination of, by tlic 
Gibbs Method. M. B. Ettinger and C. C. R u c h h o f t. (Anal. 
Chem., 1948, 20, 1191.) A detailed study is made of the determination of 
phenols by means of 2 : 6-dibromoquinone chloroimide. For the determina- 
tion of phenol in aerobic surface waters, extraction of the colour produced 
with n-butyl alcohol is recommended. The reaction itself should be 
out at room temperature ( + 1 ’’C.) for both sample and standard at pH 9 
during 6 to 24 hours. The colour produced differs in the peak light absorp- 
tion wave-length according to the phenolic compound used and a further 
difference is found between the value in water and in the u-butyl alcohol ex- 
tract, The following phenols were studied : phenol, o-cresol, m-crcsol, a-napn- 
thol, o-chlorophenoi, p-chlorophenol. The colour intensification obtained o) 
a-butyl alcohol extraction based upon increase in extinction at the wave 
lengths of maximum adsorption was 7-3 and 7-5 times for phenol and o-cresol. 
respectively. The limits of linear relationship between the reaction prociuci. 
and the colour formed were found to be up to 0-1 p.p.m. for phenol and a 
least to 0-3 p.p.m. for o-cresol. On the basis of these studies a detailed proce- 
dure for phenols and cresols in surface waters, using spectrophotomcme 
examination at the wave-lengths of maximum adsorption, is 
An accelerated procedure for obtaining early information, with concorre 
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loss of some sensitivity and accuracy, is also given. On waters containing 0-1 
0 D m of the pollutants the recommended procedure was capable of results 
a probable error of only ±2-3, ±1-7, and i2-3 per cent, for one 
observation for phenol, o-cresol, and m-cresol, respectively. R. E. s. 

animal substances 

Gelatin, Behasionr of Solutions of. G. Rosi and P. M. Strocchi. 
{Ann. Chim. appl, Roma, 1948, 38, 571.) Experiments were made with 
a sample of gelatin which contained 2-5 per cent of ash (A) and the same 
sample after partial (B) and complete (C) electrodialysis, which reduced the 
ash to 0-26 per cenL and 0-05 per cent, respectively, to see what effect 
the ash had on its behaviour. The pH of the original sample A was 6-76, 
of B 4-52, and of C 4-65 in a concentration of 0-8065 per cent. Progressive 
amounts of hydrochloric acid were added, the final amount of 10 ml. of 
acid to 50 ml. of solution reduced the pH of A to 2-17, B to 2-01 and C to 
2-06, intermediate quantities showing intermediate results. Ten solutions 
of each grade containing 0-4032 per cent, of gelatin were adjusted by 
the addition of hydrochloric acid or sodium hydroxide to a series of 
pH between 2 and 7 and tested for conductivity-, viscosity and surface 
tension. The results of the conductivity tests all showed a minimum in the 
neighbourhood of pH 4-63 and 4-72, the actual figures being highest for 
A and lowest for C. The curves of viscosity show a maximum between 
pH 2-85 and 3 and a minimum between pH 4-74 and 4-78. The minimum 
is more pronounced with greater purity of the gelatin. Surface tensions show 
a minimum at pH 4-48 for solution A and 4-32 for B and C; solutions B and 
C show a maximum at pH 2-9 and 3-3. H. D. 


GUMS AND RESINS 

Aloe vera, A Mucilage from. E. Robez and A. J. Ha a gen - S m i t. 
(/. Amer. chem. Soc., 1948, 70, 3248.) After drainage of the latex by 
cutting the leaves near the basal end, the leaves of Aloe vera readily yield 
their mucilaginous layer by scraping after cutting them parallel to the leaf- 
blade. The mucilagiaous parenchy-ma so obtained, on drying, contains 0-2 
per cent, of mucilage and the dried assimilatory tissue 1-73 per cent. 
Extraction of the ground dried mucilaginous material with alcohol (50 per 
cent.) and precipiUtion of the e.xtract by addition of 4 volumes of alcohol 
(95 per cent.) yielded as precipitate a crude mucilage and a filtrate containing 
aloin not removed from the leaves by drainage of the latex. The crude 
mucilage contained 12-9 per cent, of ash which was removed by dialysis 
from a solution in O-OIN hydrochloric acid against distUled water and the 
mucilage recovered by precipitation on addition of alcohol. So purified the 
mucilage was a white amorphous powder decomposing at W to 276' C 
insoluble in organic solvents, soluble in water to give an opticallv inactive 
viscous solution Elemental analysis indicated the possible composition as 
a hexosan. With sulphnnc acid, the mucilage yielded a hydrolysate frS 
from ketoses, and containing 89 per cent, of aldoses feaual narts 
and glucose) and 2-37 per cent, of uronic acid 

F- H. 

Carob Gum, Constitution of. FSmitn rra 

L.) by extraction of the seeds with water or aqueous 
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alkaline solution, is shown to be composed of o-galactose (20 per cent.) 
and D-mannose (80 per cent.). The methylated gum obtainable either directly 
or through the acetate by treatment with methyl sulphate and sodium acetate, 
yielded on methanolysis the glycosides of 2 : 3 : 4 : 6-tetramethyl-D-gaIactose 
(1 part), 2:3: 6-trimethyl-D-mannosc (2 to 3 parts) and 2 : 3-dimethyl-D- 
mannose (1 part), identified by formation of the crystalline derivatives. The 
structure of the galacto-mannan polysaccharide is discussed. f. h. 

ORGANIC CHEMISTRY 

Pteridine, A Synthes of, W. G. M. J o n e s. iNature, 1948, 162, 524.) 
2-Chloro-4-amino-5-nitropyrimidiae, m.pt. 232°C. is hydrogenated in methyl 
alcohol over a nickel catalyst to give 2-chloro-4:5-diaminopyrimidine, m.pt. 
232 C. which is dehalogenated catalytically over palladium on charcoal in 
the presence of barium oxide to give 4:5-diaminopyrimidine, m.pt. 204°C. 
(nitrate decomposes without melting above 260°C.) Reaction of the diamino- 
pyrimidine in aqueous solution with glyoxal bisulphite gave pteridine, crystal- 
lizing from alcohol in pale yellow plates, m.pt. 140°C. Pteridine was soluble 
in water and alcohol and readily sublimed in vacuo. The ultra-violet absorp- 
tion spectrum in aqueous solution at pH 5-8 showed a sharp maximum at 
299m//.c = 7,890, W'lth a violet-blue fluorescence in the ultra-violet In neutral 
or alkaline solution. It formed a picrate, m.pt. ]17-5°C. and an oxalate 
which decomposed without melting above ]28°C. r. e. s. 

BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Benzylpeniciliinic Acid, a Ciystalline Form of. N. R. Trenner and 
R. P. B u h s . (y. Amer. chem. Soc., 1948, 70, 2897.) The free acid, benzyl- 
penicillinic acid, associated with one molecular proportion of di-iropropyl 
ether of crystallisation, is obtainable in crystalline form by extraction of an 
aqueous solution of sodium benzylpenicillinate (sodium penicillin G) at 
pH 2-5 with di-/jopropyl ether, drying the ether phase over anhydrous sodium 
sulphate and allowing evaporation at room temperature. This procedure 
enabled crystalline benzylpencillinic acid di-Aopropyl etherate to be separ- 
ated from other penicillins and from a crude penicillin sodium salt. Crystal- 
line benzylpem'cillinic acid di-isopropyl etherate was found to retain its 
stability over long periods even when exposed to ordinary laboratory air. 

It was not hygroscopic and is considered to be superior to any other form of 
benzylpenicillin (penicillin G) as a primary standard of purity. _ Dissolved 
in a pH 7 phosphate buffer it contained 1420 units/mg. when assayed by the 
cup-plate method against Staphylococcus aureus, this activity being equiva- 
lent to 1740 units/mg. in the sodium salt. The optical activity, equiva- 
lent weight potentiometrically, ultra-violet and infra-red spectra were 
examined and are discussed as evidence of the purity and nature of the 
crystalline material. That the di-/sopropyl ether merely permits the forma- 
tion of a well-defined crystal lattice and so is present as a simple solvate of 
crystallisation and does not form an oxonium salt with benzylpenicillin is 
supported by the inability to induce crystallisation of benzylpeniciliinic acid 
in the presence of a wide range of other ethers. "■ 

N-Metbylralinc, Optical Resolution of, A New Phenomenon. A. H. C o o k. 

S. F. C o X and T. H. Fa r me r. (NntHre, 1948, 162, 61.) A new and simple 


624 



biochemistry— GENERAL 

method of resolution of N-methylvaline has been found in connection with 
the study of the nature and configuration of hydroljdic products of ft 
antibiotic lateritiin-I derived from Fusariiim J^X?riS“h‘^more 

the lactone derived from D-a-hydroxywvalert’l-D-N-fnethilvalme is mo 

stronslv adsorbed on an acid-washed alumina column denved from 

D-a-hvdroxN'isovaleryd-N-meftylvaline and undergoes hydrolysis 
Bromisovaierji chloride and OL-N-methylvaline were 
and the product was refluxed with pyridine and watef "ben the hydro^- 
acid condensation product was formed. It was extracted and hea ed for 
several hours on a steam-bath under reduced pressure to yield a lactone 
haling [aJo -t- 52° in alcohol. On passing an ethereal soluUon of the 
lactone throuft an acid-nnshed alumina column abput half the matenm 
was lost. The remainder had [ci.]d ~ ft alcohol and on hydrolysis 
yielded i.(-)->l-methjwaline. 


Penidllins, Svnthetic, Preparation and Antibacterial Properties of Crude 
Sodium Salts, ‘f. H. Carpenter. G. W. Stacey. D. S. Genghof. 
A, H. Livermore and V. d u V i g n e a u d. (/- bioL Chein., 194S. 
176, 915.) Minute yields of crude sodium salts of several penicillins nere 
obtsaned by synthesis. In the reaction used, appropriate oxazolones were 
condensed with e-amino- jS-mercapto acids to yield psniciDenic acids which 
were isolated as amorphous solids characterised by their ultra-violet absorp- 
tion spectra- The penicillenic acids were converted ft small yield to the 
corresponding penidUftiS, the reaction conditions depending on the type of 
acid involved. In this manner benzyipenicillin analogues ft which the 
D-peniciUamine fraction was replaced by two isomeric DL-.S-meftyi 
cysteines, by Di.-,8.fi-diethyicysteine, or by DL-.S-eftyi-f -methyl cysteine "ere 
prepared. In addition, crude sodium D-phenyipenidUft and o-styTtipeni- 
ciUin were synthesised. Antibiotic acthities against Staphylococcus aureus 
H, Bacillus subtilis, and Vibrio meichmkovii were determined. Qualitatir'e 
tests showed that the crude synthetic penicillins did not possess marked 
antibacterial properties against Aerobacter aerogeues, Klebsiella pneumonia:, 
Mycobacterium smegmatis, Mycobacterium tuberculosis, Escherichia coli, 
Proteus vulgaris OX-19, or Pseudomonas atruginosa, organisms which also 
showed a high degree of resistance to the action of cry’Stallfte sodium benzyl- 
penicilhn. r. b. s. 


Pituitary. Anterior, Crystalline Growth Hormone. A New Preparation of. 
A, E. W i 1 h e 1 m i, B. Fishman and J. A. Russell. 
(J. biol. Chem., 1948, 176, 735.) A new method is described for the prepara- 
tion of crystaUine growth hormone from fresh bovine anterior pituitary' 
glands. Fractionation of calcium hydroxide extracts of the grouud elands 
usmg ethyl alcohol at low temperatures following the method 'of Cohn et of. 
(J. Amer. chem. Soc., 1946, 68, 459) for the separation of plasma proteins 
y^Ided an abundance of crude fractions m'th high growth-promoting activiU'! 
The active fractions were redissolved in dilute potassium chloride solution 
f^ow ed by^ bulk of impurities ft a precipitate formed at 

pH 5-0 and by a fractional precipitation with ethyl alcohol from pH S-5 to 8-7 
when a crystalhne protein was obtained, electrophoreticallv homogeneous’ 
which from Its biologii^l actmty and other propLies was identified L Te’ 


625 


ABSTRACTS 


alkahne solution, is shown to be composed of D-galactose (20 per ceat.) 
and D-mannose (80 per cent.). The methylated gum obtainable either directly 
or through the acetate by treatment with methyl sulphate and sodium acetate, 
yielded on methanolysis the glycosides of 2 : 3 ; 4 ; 6-tetramethyl-D*galactose 
(1 part), 2:3: 6-trimethyI-D-mannose (2 to 3 parts) and 2 : 3-dimethyl-D- 
mannose (1 part), identified by formation of the crystalline derivatives. The 
structure of the galacto-mannan polysaccharide is discussed. F. H. 

ORGANIC CHEMISTRY 

Pteridine, A Synth^ of. W. G. M. J o n e s. {Nature, 1948, 162, 524.) 
2-ChIoro-4-amino-5-nitropyrimidine, m.pt. 232°C. is hydrogenated in methyl 
alcohol over a nickel catalyst to give 2-chloro-4:5-diaminopyrimidine, m.pt. 
232 C. which is dehalogenated catalytically over palladium on charcoal in 
the presence of barium oxide to give 4:5-diaminopyrimidine, m.pt. 204°C. 
(nitrate decomposes without melting above 260°C.) Reaction of the diamino- 
pyrimidine in aqueous solution with glyoxal bisulphite gave pteridine, crystal- 
lizing from alcohol in pale yellow plates, m.pt. 140°C. Pteridine was soluble 
in water and alcohol and readily subh’med in vacuo. The ultra-violet absorp- 
tion spectrum in aqueous solution at pH 5'8 showed a sharp maximum at 
299m,ii.? = 7,890, with a violet-blue fluorescence in the ultra-violet in neutral 
or alkaline solution. It formed a picrate, m.pt. 117-5°C. and an oxalate 
which decomposed without melting above 128°C. r. E.S. 


BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

BenzylpenicHlinic Acid, a Crystalline Form of. N. R. Trenner and 
R. P. B u h s . (/. Amer. c/tem. Soc., 1948, 70, 2897.) .The free acid, benzyl- 
penicillinic acid, associated with one molecular proportion of di-isopropyl 
ether of crystallisation, is obtainable in crystalline form by extraction of an 
aqueous solution of sodium benzylpenicillinate (sodium penicillin G) at 
pH 2-5 with di-isopropyl ether, drying the ether phase over anhydrous sodium 
sulphate and allowing evaporation at room temperature. This procedure 
enabled crystalline benzylpencillinic acid di-isopropyl etherate to be separ- 
ated from other penicillins and from a crude penicillin sodium salt. Crystal- 
line benzylpenicillinic acid di-isopropyl etherate was found to retain its 
stability over long periods even when exposed to ordinary laboratory air. 
It was not hygroscopic and is considered to be superior to any other form of 
benzylpenicillin (penicillin G) as a primary standard of purity.. Dissolved 
in a pH 7 phosphate buffer it contained 1420 units/mg. when assayed by the 
cup-plate method against Staphylococcus aureus, this activity being equiva- 
lent to 1740 units /mg. in the sodium salt. The optical activity, equiva- 
lent weight potentiometrically, ultra-violet and infra-red spectra were 
examined and are discussed as evidence of the purity and nature of the 
crystalline material. That the di-fsopropyl ether merely permits the forma- 
tion of a well-defined crystal lattice and so is present as a simple solvate ot 
crystallisation and does not form an oxonium salt with benzylpenicillin is 
supported by the inability to induce crystallisation of benzylpenicillinic act 
in the presence of a wide range of other ethers. "■ 

N-Mctbylvaline, Optical Resolution of, A New Phenomenon. A. H. Cook. 
S.F. Cox and T. H. Farmer. {Nature, 1 948, 162, 61 .) A new and simple 
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method of resolution of N-methylvaline has b^n found in connection wiA 
the study of the nature and conhguration of hydrolytic products of the 
antibiotic lateritiin-1 derived from Fusariiim latentium. It was found that 
r“ SnrS"d from 1 ,,-hydroxy/mvaUryl.D.N.mo.Wyalmo .s more 
strongly adsorbed on an acid-washed alumina column than that derived from 
D-a-hydroxyirovalervl.N-methylvaline and undergoes hydrolysis Uievo-a 
Bromfrovalerj'l chloride and oL-N-methylvaline were condensed together 
and the product was reftuxed with pyridine and water when the hydroxy- 
acid condensation product was formed. It was extracted and heated for 
several hours on a steam-bath under reduced pressure to yield a lactone 
having Wd -f52° in alcohol. On passing an ethereal solution of the 
lactone through an acid-washed alumina column about half the material 
was lost. The remainder had fajo ~ 'tt alcohol and on hydrolysis 
yielded l( -r )-N-meth>waline. F- H- 


Penicillins, Synthetic, Preparation and Antibacterial Properties of Crude 
Sodium Salte. F. H. Carpenter, G. W. Stacey, D. S. Genghof, 
A, H. Livermore and V. du V igneaud. (/. biol. Chem., 1948, 
176, 915.) Minute yields of crude sodium salts of several penicillins were 
obtained by synthesis. In the reaction used, appropriate oxazolones were 
condensed witha-amino-i8-mercapto acids to yield penicillenic acids which 
were isolated as amorphous solids characterised by their ultra-violet absorp- 
tion spectra. The penicillenic acids were converted in small yield to the 
corresponding penicillins, the reaction conditions depending on the type of 
acid involved. In this manner benzylpenicillin analogues in which the 
D-peniciUamme fraction was replaced by two isomeric DL-j8-methyI 
cysteines, by DL-P.^-diethylcysteine, or by DL-^-eth3’l-p-methyl cysteine were 
prepared. In addition, crude sodium D-phenylpeniciUin and D-stjTylpeni- 
cilhn were synthesised. Antibiotic activities against Staphylococcus aureus 
H, Bacillus subtilis, and Vibrio metchnikovii were determined. Qualitative 
tests showed that the crude synthetic penicillins did not possess marked 
antibacterial properties against Aerobocfer aerogenes, Klehsieila pneumonia, 
Mycobacterium sinegmatis, Mycobacterium tuberculosis, Escherichia colt, 
Proteus vulgaris OX-19, or Pseudomonas aruginosa, organisms which also 
showed a high degree of resistance to the action of crystalline sodium benzyl- 
penicilbn. r. s.' 


Pituitarj-, Anterior, Ciystalline Growth Hormone, A New Preparation of. 
A. E. Wilhelm i, J. B. Fishman and J. A. Russell. 
(/. biol. Chem., 1948, 176, 735.) A new method is described for the prepara- 
tion of crystalline growth hormone from fresh bovine anterior pituitary 
glands. Fractionation of calcium hydroxide extracts of the ground glands, 
usmg ethyl alcohol at low temperatures following the method of Cohn et al 
(/. Amer. chem. Soc.. 1946, 68, 459) for the separation of plasma proteins’ 
yielded an abundance of crude fractions with high growth-promoting activiw’ 
The active fractions were redissolved in ddute potassium chloride solution 
flowed by removal of the bulk of impurities in a precipitate formed at 
pH 5-0 and by a fractional precipitation with ethyl alcohol from pH 8-5 to 8-7 
when a crystalhne protein was obtained, electrophoreticallv h^omogeneous’ 
which from Its biological activity and other properties was identified as the 
anterior pituitary grovsth hormone The yield of ihe ^s ‘he 
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product had the expected effects upon body growth and upon the width oE 
the projumal epiphyseal cartilage of the tibia in hypophysectomised rats. 
It was also the most active glycostatic hormone preparation yet isolated. 


R. E. s. 


Rifaoflavme and Allied Substances, Production during the Grosvth of 
Oorynebacterium diphtheria. A. J. W o i w o d and F. V. L i n g g o o d. 

^ 1 Wadsworth and Crowe (/. Infect. Dis., 

, , 106) that a special strain of C. diphtheria, grown on a synthetic 

medium, elaborates a flavine, has been confirmed. Park Williams No. 8 strain 
ot C.diphthericE, grown on casein hydrolysate produced a flavine which gave 
two fluorescent spots on a paper partition chromatogram, using n-butyl 
alcohol-acetic acid as a solvent. Evidence has been produced that the faster- 
running spot was riboflavine, and it has been suggested that the slower 
running spot was either riboflavine phosphate or flavine adenine dinucleotide. 


F.H. 

Sodium Ascorbate, Crystalline Form of. S. L. Rusk in and A. T. 
Merrill. (Science, 1948,108, 713.) A stable sodium ascorbate is obtained 
by the reaction of ascorbic acid with sodium methylate in methyl alcohol. 
TTie product was more stable than ascorbic acid itself and showed no decline 
in poteiicy after 500 hours at 45°C. in closed glass containers. For the 
preparation 88 g. of ascorbic acid was dissolved in 600 ml. of hot absolute 
methyl alcohol. While still hot, it was treated under stirring with 250 ml. 
of a warm solution of sodium methylate containing 12-5 g. of sodium. The 
combined solutions were stirred until the resulting precipitate of sodium 
ascorbate crystallised (about 15 minutes); the sodium ascorbate was then 
filtered with suction and washed with a little methyl alcohol. It could be 
dried in vacuo at a temperature as high as 100°C. producing a 95 per cent, 
yield of pure product. Analysis indicated the presence of about 1 per cent, 
of water; the rotation was + 102-99° and the assay by iodine titration gave 
a result of 87-55 per cent, (theory 88-9). Further procedures were developed 
using sodium hydroxide, sodium carbonate, or sodium hydride with similar 
results. Petrographic studies showed the variety of crystallisations occurring 
and, together with the nature of the hydroxyl group reaction during neutrali- 
sation, provided evidence suggesting a possible explanation of the stability 
of the sodium ascorbate crystals prepared. R. E. s. 


Thyroxine, Synthesis of a Sulphur-containing Analogue of. C. R- 
Harington. (Biochem. J. 1948, 43, 434.) The possibility of controlling 
thyroid function by means of compounds inhibiting the output of thyrotrophic 
hormone from the anterior pituitary gland is discussed. The compound (I) 
which is identical with thyroxine save that sulphur replaces, oxygen, was 
selected for trial. 


I 



■\ 


-CH: CH(NH,) COOH (I) 


An attempt was made to synthesise the compound on the lines of thyroxine 
itself and by starting w'ith 4-metho.\ythiophenol and 3:4:5-triiodonilroben- 
zene, 3 : 5-diiodo-4(4'-methoxy)phenylsulphidobenzaIdchyde was obtained 
by a series of reactions similar to those employed in the thyro.xinc 
synthesis. At this stage the modified Erlenmeyer method did not yield 


626 



BIOCHEMISTRY— GENERAL 

3 • 5-diiodo-4(4'-hvdroxy)plienykulpMdophenylalanine and a different route 

had to be used. The aldehyde was reduced to the correpond- 
ine alcohol by means of aluminium wopropoxide; the alcohol was 
converted into the chloride and the latter condensed with ethyl acetamido- 
raalonate; appropriate treatment of the resulting ester with a imxtme ot 
hydrobromic and acetic acids gave the hydroxydiiodoamiM-acid in 
satisfactory yield and final iodination in atnmoniacal solution afforded the 
desired thyroxine analogue. In acute experiments the thyroxine analogue 
was non-toxic to mice in doses np to 0-5 g./kg. (subcutaneous) and 0.25 g./kg, 
(intravenous). Tested on tadpoles (Xeriopiis Itevis) it accelerated metamor- 
phosis, its activiU' in this respect being approximately one-fifth of that of 
thyroxine. 

Vitamin Group of Factors, Chromatography of. W. F. J. 

Cuthbertson and E. L. Smith. (Biochem. J. 1949, 44, v.) A com- 
bination of partition chromatography on paper with microbiological assay 
on a solid medium enables the two red climcally active substances, thyrmdine, 
and a fourth microbiologically active component present in liver extract to be 
demonstrated. Water-saturated n-butyl alcohol is used, with upward or 
downward development, two techniques being available for observing the 
developed spots. A drop of adequately purified material, containing at least 
lOpg. of the factors, gives directly visible red spots. The crystalline factor 
gives a single spot, but the mother liquors usually gi\e a second fainter and 
slower-moving spot and occasionally a third, which travels fastest and appears 
to be a microbiologically inactive degradation product. Fairly crude extracts 
can be used for the other technique since only 0-005 and 0-1 gg. of the factors 
are required; the developed strip is applied to the surface of nutrient agar 
seeded with Lactobacillus lactis Domer, being removed after 10 min. and 
the plate incubated overnight The usual pattern is an ellipse of growth not 
far from the origin and another a few cm. along, while much farther along, 
and beyond the position occupied by riboflavine (if present), are one or two 
zones of attenuated growth; the first two zones are due to the red factors, 
the third to a substance not yet characterised, and the fourth to thj’midine. 
Samples of the ‘ animal protein factor ’ of bacterial origin were examined 
by this technique and tv,'o zones of strong grov.-th and one or two of diffuse 
grou-th were always observed, these being always in the same relative positions 
as the zones from liver extract. It is concluded that the bacteria elaborate 
the anti-pernicious ansmia factor and probably also the second active red 
factor, as well as thymidine. ^ g 


BIOCHEMICAL ANALYSIS 

Aerial Bactericides, Evaluation of. IChem. Ind., 1949, 68, 115.) This 
report of the Aerosols Panel of the British Disinfectant Manufacturers’ 
Association proposes that aerosols and other gaseous products for uhich 
bactencidal claims are made should be recommended for use at such concen- 
trations as are capable of reducing the bacterial content of the test chamber 
by not less than 85 per cent, when tested by the technique described. The test 
chamber is preferably cubical, of a capacity of 500 to 1,000 cu ft and 

for \entilauon, and an arrangement for sampline the air Th^ rvrrvn a 
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bactericidal agent and determine the percentage survival in the period 4 
to 6 minutes from the commencement of the dispersal of the bactericidal 
agent. The whole procedure is carried out at a temperature of 20 +3°C.. 
and a relative humidity of 60 per cent. ±5 per cent. The test organism is 
a special non-pathogenic strain of Staphylococcus albus deposited at the 
National Collection of Type Cultures under the name Staphylococcus albus. 
Aerosols strain. It is grown on a special liquid culture medium and the 
culture is diluted with broth for spraying; for the production of the spray 
an M.A.3 Aerolyser Spray Assembly is used. The bactericidal' agent is 
dispersed from an electrically heated boat of nickel-chrome alloy. The air 
in the chamber is sampled by means of a slit sampler and petri dishes 
containing a special solid culture medium and the plates are incubated for 24 
hours at 37 °C. before counting. To enable different workers to ensure that 
the strain of bacteria they are using is exhibiting normal resistivity and also 
to indicate the degree of reproducibility being attained by different labora- 
tories, cyc/o-pentanol-l-carboxylic acid is recommended as a standard 
reference bactericide. The technique described is also suitable as a 
preliminary sorting test for potential bactericides and for comparing the 
efficiencies of apparatus designed to disperse aerial bactericides. 

G. R. K. 

Calciferol, Colorimetric Determination of. P. B. Nielsen (Dand 
Tidsskr. farm., 1949, 23, 21.) Calciferol may be determined colorimetrically 
within less than 3 per cent, by means of the antimony chloride reaction, 
provided alcohol is absent. Ordinary chloroform is purified by washing 
3 times with water, drying over sodium sulphate, and fractionating, rejecting 
the first and last tenth. The middle fraction is collected over sodium 
sulphate. It should be tested for freedom from chlorides, oxidising agents 
(potassium iodide-starch) and alcohol — the latter by shaking 5 ml. with 
20 ml. of water, and adding to 10 ml. of the aqueous solution 2 drops of 
T7 per cent, potassium dichromate solution and 5 ml. of concentrated 
sulphuric acid. The yellow colour of the solution should not change within 
5 minutes. The reagent is prepared by dissolving 100 g. of antimony 
chloride in chloroform to 500 ml., filtering, and adding 10 g. of redistilled 
acetyl chloride. A quantity, up to 1 ml., of the solution to be tested, is 
treated with 3 or 4 ml. of the reagent, and the extinction (using filter S50) 
is measured within 1 to 2 minutes. For crystalline calciferol the e.\tinction 
E|^“°'-at 500 mg is about 1700. Solutions in arachis oil can be 
assayed directly, without saponification, down to 75,000 I.U./ml., but at 
lower concentrations allowance must be made for the absorption of 
the oil itself, determined in a similar manner. Solutions in alcohol rnay 
be assayed as follows: a suitable quantity of the solution is weighed into 
a 50-ml. measuring flask, 50 eg. of arachis oil is added, and carbon dioxide, 
previously washed with concentrated sulphuric acid, is passed through the 
flask. The oil should be clear within 45 minutes. The glass tube and neck 
of the flask is washed down with a little purified chloroform, and the gas 
is again passed for 30 minutes. The washing is repeated and the flask is 
filled up with purified chloroform, the test being then continued as before. 

A solution of calciferol in alcohol (96 per cent.), of 300,000 l.ll./g., was 
found to be unchanged in strength after 14 months. c. M. 

Caronamide, Colorimetric Determination of. C. Ziegler and J. M- 
Sprague. (/. Lab. din. Med., I94S, 3S, 96.) Caronamide (4'-carboxy- 
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phenylmethanesulphonanilide, QH,.CH,.SO,NH.CeH,.COOH) was found 
to be resistant to hydroly'tic cleavage except under conditions that resulted m 
the destruction of the p-aminobenzoic acid produced. The action of Raney 
catalyst (powdered nickel aluminium alloy) in alkaline solution, however, gave 
complete cleavage and the p-amincbenzoic acid could be determined by 
established procedures. Details are given for the determination of caronamide 
m water, urine, plasma and blood, using this process. In the procedures for 
plasma and blood, alcohol (90 per cent.) was used as a protein precipitant, 
in an alternative method, plasma in alkaline solution was treated directly 
with the alloy. The liberated p-aminobenzoic acid was determined colori- 
metrically by diazotisation using N-(l-naphthyl)'eth 3 'lenediamine dihydro- 
chloride. Results obtained from aqueous solutions of p-ammobenzoic acid 
of known concentration showed that the alloy treatment caused a loss of from 
10 to 20 per cent, of this compound although the recoveries at this level were 
fairly constant and reproducible. Since recovery experiments on caronamide 
itself gave losses of a sunilar order it appeared that the caronamide was split 
quantitatively hut that an average of 15 per cent of the hberated p-amino- 
benzoic acid was either destroyed or lost by adsorption on the finely divided 
nickel. The use of standard reference curves, prepared from readings of the 
depth of colour obtamed when known amounts of caronamide in urine, 
plasma, or blood were subjected to the method, is therefore necessary, 

R E. s 


CHEMOTHERAPY 

S-Aminoethyl Heterocyclic Nitrogen Compounds, Histamine Actiritj of. 
H. M. Lee and R I. J o nes (/. Pharmacol. 1949, 95, 71.) A series of 24 
(S-ammoethyl heterocychc nitrogen compounds was tested for histamine 
activity in the hope that some correlations between chemical constitution and 
histamine activity might be drawn. Eleven of the compounds were found to 
be active. The one structural feature common to all of the active compounds 
. i II 

tested IS the system in which the portion-N=C-or=N-C — is part of an 


aromatic nucleus, -N=C-CH 2 CH 2 NH, or =N -C-CHoCH.NH,. The 
presence of this structural fragment does not, however, guarantee that a 
compound will have histarmne activity, most of the inactive compound' 
also have the system in their structures. The size and shape of the aromatic 
nucleus appears to have a definite bearing on the activity of the com- 
pounds. Substitution by a methyl group in the 2- position of histamin' 
owered the activity several-fold, but similar substitution in the 1- positior 
lowered the activity several hundred fold. The spatial disposition of the 
various atoms m the aromatic ring, and the nature of the atoms themselves 
have a profound influence on the histamine activity. The authors concludec 
mat from this senes of compounds no correlations could be drawn betweer 
SeT’"^ activity and the intrinsic chemical properties of the aromatic 

70 '50641 A cpnVcnfc: ’ lessen. (/. Amer. chem. Soc., 1948 

alkykne-diamines wh2h So™ substituted 

i wiiivn coniorm to the general type C^HjSCH, 
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-’kylene chain 

Soup wfre nreLred S ® ^ dimethylammo or piperidine 

I NHCH r M Smf ■ secondary amines R,NHR„B © and 

am^SfcSiH?h ‘=°°<i"nsing aniJine with a dialky- 

SdiSdamS u y m 2-aminopyridine 

wth dia^ylaminoalkyl chlorides or 2-thiophenealdehyde followed by reduc- 

mediate^^ fD obtained by the alkylation of the inter- 

sodamide Th ^ ® benzene or toluene solution in the presence of 
%vere^v?i‘. converted to water-soluble salts in which form they 

ofSS l J P^liminary results showed that several 

avfldahS xrl^^ antihistamine activity similar to that of currently 

^>N-d™^‘hyI-N'-phenyl-N'-(2-thenyl)-ethylenediamine 
Attpmnt f -u toxicity and a high order of activity. 

A to form either hydrochlorides or hydrobromides of N-,N--dimethyI 

and N,N,-dimethyl-N,-(2- 
Wndyj;-Ni-(2-thenyl)-l;2-propanediamine resulted in their decomposition. 
The decomposition of No,N,-dimethyI-N,-phenyl-N,-(2-thenyl)-l,2-propane- 
1 mime under conditions of hydrochloride formation, observed after the 
remoya of solvents from the neutralisation mixture was investigated in some 
e a , breakdown p^roducts were identified and a mechanism of the procedure 
'^'Sgested. 


Sulpha^azine and Paludrine, Resistance of the Malaria Parasite of the 
■-owl (Plasmodium gallinaceum) to. A. Bishop and E. W. 
McConnachie. (Nature. 1948. 162, 541.) Treatment with gradually 
increasing doses of sulphadiazine yielded a strain of Plasmodium gallinaceum 
in young chicks in which the resistance to the drug is 32 times greater than 
that of the untreated strain. Whereas the minimum dose of drug which 
produces an adverse effect upon the growth-rate of the normal strain, when 
given twice daily on successive days, is 0-625 mg./20 g. of body-weight, in 
the resistant strain growth of the parasites occurs in birds receiving 20 mg. 
twice daily. The production of this 32-fold resistance to sulphadiazine took 
approximately 12 months. The degree of resistance acquired has been 
assessed at intervals, by comparing the intensities of infections produced 
by standard inocula (that is 50,000,000 parasites per chick intravenously) of 
(a), the resistant strain, into groups of chicks receiving doses ranging from 
2-5 to 20 mg. of sulphadiazine twice daily for 3i days, and (b), the normal 
parent strain, into groups of chicks receiving similar drug treatment. The 
sulphadiazine-resistant strain produced infections in chicks receiving doses 
of drug which inhibited the development of the normal strain (that is, 2-5 to 
20 mg.); but the resulting infections were not as heavy as those produced by 
the parent strain in untreated birds. The sulphadiazine-resistant .strain pro- 
duced, on the whole, less intense infections in untreated birds than did the 
parent strain. In the sulphadiazine-resistant strain of P. gallinaceum, 
exoerythrocytic schizonts were found in chicks during treatment with this^ 
drug. This sulphadiazine-resistant strain of P. gallinaceum was also resistant 
to sulphathiazole, sulphanilamide and sulphapyridine. The cross resistance 
to sulphadiazine and paludrine was also studied; the sulphadiazine resistant 
strain of P. gallinaceum. when tested by the method described was found to 
be resistant to 0-1 mg. of paludrine although it had not been subjected to 
treatment with that drug. Since acquired resistance to sulphadiazine was 
found to confer resistance to paludrine. the effect of sulphadiazine upon a 
paludrine-resistant strain of P. gallinaceum was studied; the strain «as found 
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to be resistant to doses of 1-25 mg. of sulphadiazine. In one strain tested 
the development of resistance to paludrine was not accompanied by resistance 
to sulphadiazine. Various aspects of the drug-resistance are discussed. 

R. E« S* 


PHARMACY 


GALENICAL PHARMACY 


Isotonic Solufions, Preparation of. C. G. Lund, K. Pedersen- 
Bjergaard and E. B. Rasmussen. {Dansk. Tidsskr. Farm., 1949, 
23, 119.) The apparatus used for the micro determination of osmotic pres- 
sure consists essentially of a short length of constantin wire, bent into an 
inverted U, and soldered at each end to a manganin wire. The junctions are 
formed into small loops, each capable of holding about 0-01 ml. of liquid. 
This apparatus is used as a delicate thermocouple to determine difference of 
temperature between two drops of liquid. A drop of liquid under examina- 
tion is placed on one loop, and a drop of sodium chloride solution, of suitable 
concentration, on the other one. The apparatus, enclosed in a suitable 
vessel, is kept in a constant temperature bath, and, after 10 minutes, the 
potential difference is noted with the aid of a sensitive galvanometer. By 
adjustment of the concentrations, it is possible to find the concentration of 
a sodium chloride solution which has the same osmotic pressure or depression 
of freezing point as the solution under examination. The table summarises 
the results. 


Substance 

Sodium chloride 

Bensulphamide hydrochloride 
Calcium tevuhnate (IHoO) 
Histidine hydrochloride (H,0) 
Neostigmine bromide . . ' 
Pethidine hydrochloride 
Pilocarpine nitrate 
Sodium acetate (SH^O) 

Sodium metabisulphite 
Sulphadiazine sodium . . 
Sulphamerazine sodium 
Sulphathiazole sodium 
Cetyltrimethylamraonium bromide 
Morphine sulphate (5H-0) 
O.xyquiooline sulphate . . 
Stry'chnine hydrochloride (2H,0) 
Tubocurarine hydrochloride 


Concentration 
-per cent. 

. . 0-9 
. . 3-72 
. . 3-57 

.. 3-44 

. . 4-95 

. . 4-79 
. . 4-62 

. . 2-03 
.. 1-38 

. . 4-24 

. . 4-53 

- . 4-82 
. . 5-0 
.. 6-0 
.. 8-0 
.. 2-5 
.. 5-0 


Depression of 
freezing-point 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-52 
0-233 
0-298 
0-441 
0-191 
0-271 
G. M. 


PH ARM.\COLOGY AND THERAPEUTICS 

Injections, and Further Studies on liver 
of the ^Lsor kecJo'f 3, 189.) Examination 
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SSiTabL' ; Jo o'"!”' dyl’ R= is a straight or branched aikylene chain 

rontaining two or three carbon atoms and B is a dimethyiamino or piperidine 

R NHCfl r secondary amines R.NHR.B (I) and 

S£oSkvftm£i J were prepared by condensing aniline with a dialky- 

with dialkviamin u T joride or 2-thenyl chloride, and 2-aminopyridine 
with dialkylaminoalkyl chlorides or 2-thiophenealdehyde foDowed by redue- 

mediate? rn and" ob‘^i“ed by the alkylation of the inter- 

soda midp Th ( ) benzene or toluene solution in the presence of 
sodamide These were converted to water-soluble salts in which form they 
were evaluated pharmacologically. Preliminary results showed that several 
r, , -T M possessed antihistamine activity similar to that of currently 

vvac stonce^ ^>^"dinaethyl-N'-phenyl-N'-(2-thenyl)-ethylenediamine 

was characterised by a very low toxicity and a high order of activity. 
Attempts to form either hydrochlorides or hydrobromides of N-, No-dimethyl 

m N,N,-d'imethyl-N,-(2- 
j^ri y j- i-(2-thenyl)-1.2-propanediamine resulted in th^eir decomposition, 
the decomposition of No,N,-dimethyl-Ni-phenyl-N3-(2-thenyl)-l,2 -propane- 
ctiamime under conditions of hydrochloride formation, observed after the 
removal of solvents from the neutralisation mixture was investigated in some 
etai , breakdown p^roducts were identified and a mechanism of the procedure 
'""SSested. 


Sulphadiazine and Paludrinc, Resistance of the Malaria Parasite of the 
Fowl (Plasmodium gallinaceum) to. A. Bishop and E. W. 
McConnachie. [Nature, 1948, 162 , 541.) Treatment with gradually 
increasing doses of sulphadiazine yielded a strain of Plasmodium gaUinaccum 
in young chicks in which the resistance to the drug is 32 times greater than 
that of the untreated strain. Whereas the minimum dose of drug which 
produces an adverse effect upon the growth-rate of the normal strain, when 
given twice daily on successive days, is 0-625 mg./ 20 g. of body-weight, in 
the resistant strain growth of the parasites occurs in birds receiving 20 mg. 
twice daily. The production of this 32-fold resistance to sulphadiazine took 
approximately 12 months. The degree of resistance acquired has been 
assessed at intervals, by comparing the intensities of infections produced 
by standard inocula (that is 50,000,000 parasites per chick intravenously) of 
(a), the resistant strain, into groups of chicks receiving doses ranging from 
2-5 to 20 mg. of sulphadiazine twice daily for 3^ days, and (b), the normal 
parent strain, into groups of chicks receiving similar drug treatment. The 
sulphadiazine-resistant strain produced infections in chicks receiving doses 
of drug which inhibited the development of the normal strain (that is, 2-5 to 
20 mg.); but the resulting infections were not as heavy as those produced by 
the parent strain in untreated birds. The sulphadiazine-resistant strain pro- 
duced, on the whole, less intense infections in untreated birds than did the 
parent strain. In the sulphadiazine-resistant strain of P. gallinaceum, 
exoerythrocytic schizonts were found in chicks during treatment with this_ 
drug. This sulphadiazine-resistant strain of P. gallinaceum was also resistant 
to sulphathiazole, sulphanilamide and sulphapyridine. The cross resistance 
to sulphadiazine and paludrine was also studied; the sulphadiazine resistant 
strain of P. gallinaceum, when tested by the method described was found to 
be resistant to 0-1 mg. of paludrine although it had not been subjected to 
treatment with that drug. Since acquired resistance to sulphadiazine was 
found to confer resistance to paludrine, the effect of sulphadiazine upon a 
paludrine-resistant strain of P. gallinaceum was studied; the strain was found 
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to be Tesistant to doses of 1-25 mg. of suiphadiazine. In one strain test^ 
the development of resistance to paludrine was not accompanie y i 
to suiphadiazine. Various aspects of the drug-resistance are discussed. 


PHARMACY 

galenical pharmacy 

Isotonic Solutions, Preparation of. C. G. Lund, K. Pedersen- 
Bjergaard and E. B. Rasmussen. (DniisA.. Tidsskr. farm., 1949, 
23, 119.) The apparatus used for the micro determination of osmotic pres- 
sure consists essentially of a short length of constantin wire, bent into an 
inverted U, and soldered at each end to a manganin wire. The junctions are 
formed into small loops, each capable of holding about 0-01 ml. of liquid. 
This apparatus is used as a delicate thermocouple to determine difference of 
temperature between two drops of liquid. A drop of liquid under examina- 
tion is placed on one loop, and a drop of sodium chloride solution, of suitable 
concentration, on the other one. The apparatus, enclosed in a suitable 
vessel, is kept m a constant temperature bath, and, after 10 minutes, the 
potential difference is noted with the aid of a sensitive galvanometer. By 
adjustment of the concentrations, it is possible to find the concentration of 
a sodium chlonde solution which has the same osmotic pressure or depression 
of freezing point as the solution under examination. The table summarises 
the results. 


Substance 

Concentration 

Depression of 


per cent. 

freezing-point 

Sodium chloride . . 

. . 0-9 

0-52 

Bensulphamide hydrochloride 

. . 3-72 

0-52 

Calcium ixvulmate (2HoO) 

3-57 

0-52 

Histidine hydrochloride (HoO) 

. . 3-44 

0-52 

Neostigmine bromide 

. 4-95 

0-52 

Pethidine hydrochlonde 

4-79 

0-52 

Pilocarpine nitrate 

4-62 

0-52 

Sodium acetate (SHoO) 

. 2-03 

0-52 

Sodium metabisulptute 

. 1-38 

0-52 

Suiphadiazine sodium . . 

. . 4-24 

0-52 

Sulphamerazme sodium 

. . 4-53 

0-52 

Sulphathiazole sodium (.l^HoO) 

. . 4-82 

0-52 

Cetyltrimethylammomum bromide 

. . 5-0 

0-233 

Morphine sulphate t5HjO) 

. 6-0 

0-298 

Oxyquinolme sulphate . . 

. . 8-0 

0-441 

Strychnme hydrochlonde (2H.O) 

. . 2-5 

0-191 

Tubocurarine hydrochloride " . . 

- . 5-0 

0-271 

G. M. 
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of .ho o, 

the jugular, femoral and splenic veins nnrt u mjeciea into 

arteries, of cats and rabbits, showed both substances to be less act^vrby poS 
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than by jugular vein, though whereas with adrenaline the ratio value for 
equipressor doses by these routes decreased as the pressure rise increased, 
with noradrenaline the ratio value remained constant. Unlike adrenaline, 
noradrenaline when injected into the portal circulation is not potentiated by 
the simultaneous administration of guanidine or cocaine, and is therefore 
not rapidly absorbed from the blood stream during its passage through the 
adrenaline and noradrenaline by intra-arterial and intrajugular 
injection failed to show potentiation by the simultaneous administration of 
guanidine by the same routes, though both were enhanced by cocaine. Ex- 
periments to obtain further evidence of the similarity between intraportal 
injections of noradrenaline and hepatic nerve stimulation, showed that hepatic 
nerve stimulation and small intraportal doses of noradrenaline both produced 
depressor responses, while corresponding doses of adrenaline were without 
effect; guanidine and cocaine by intraportal injection were also found not to 
potentiate the action of liver sympathin. When injected into the artery 
supplying the caudal end of the spleen, adrenaline in small doses caused a 
small rise followed by a large fall in blood pressure, the depressor effect being 
possibly due to the liberation of histamine; noradrenaline, on the other hand, 
produced a pure rise of blood pressure at all dose levels. Noradrenaline is 
therefore a much more potent pressor agent by splenic artery than adrenaline, 
and, in addition, relatively more adrenaline than noradrenaline is inactivated 
in the spleen. S. L. w. 


Amidone, Pharmacology of the Optical Isomers of. R. H. Thorp. 
{Brit. J. Pharmacol., 1949, 4, 98.) The relative analgesic properties of d-, I-, 
and rff-amidone were determined on rats in comparison with that of mor- 
phine; cf/-amidone hydrochloride was shown to be a rather more powerful 
analgesic than morphine sulphate. The activity of the tevo isomer was very 
much greater than that of the racemic form, which failed to produce a graded 
increase in pain threshold when given in large doses. The acute toxicity for 
the three isomers is approximately equal, and is due to direct action on the 
cardiac muscle; it is increased with the I- or di-homers by the central 
nervous depression which these two drugs produce. The depressant effect 
of /-amidone on rabbit respiration is twice as great as that of the racemic 
compound, the effect of the dex/ro-isomer being negligible in comparable 
doses. Locai anEesthetic action is greatly influenced by the optical isomerisrn, 
it is shown by all three isorriers, but is greatest in the /wi’o isomer which is 
3'5 times as potent as procaine. Amidone and its optica! isomers are rather 
more active than pethidine as spasmolytic drugs; the effect is not associate 
with the optically active carbon atom but is a function of the molecule as a 
whole. The reported property of analgesic drugs of producing a state ot 
“ acute vascular tolerance ” to the depressor action resulting from intravenous 
injection was confirmed with /-amidone. s. L. w. 


Antihistamine Drugs, Pharmacology of. A. M. L ^ 

O. H. S i e g m u n d and F. P. L u d u e n a. U. Pharmacol.. 1949, 95, 
This is a report of an investigation on the antihistamine drugs N -(_-K'n 
N'-( 3 -thenyI)-N,N-dimethylethylene-diamine (WIN 2848), 
(2-chloro-3-thenyl)-N,N-dimethylethylene-diamine (WIN 2875) and - - 
pvridy])-N'-(2-bromo-3-thenyl)-N,N-dimethyIethyIene-diamine (WIN -s/w- 

WIN 2S4S was shown to be a highly active histamine ^ntagonis , 
was potent in this respect than WIN 2875 ™ 2876. In a 

of 0-013 mg./kg. it protected guinea-pigs against 2-8 intravenous lethal 
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oE histamine: a dose of 0028 mgjkg. of pyribcozamme was 'aquiied to 
the same protection. The three WIN compounds appear to be of the same 
order of toxicity as pyribenzamine when administered intravenously 
WIN 2848 was shown to diminish markedly the seventy of the effects ot his - 
amine" given percotaneously in man. It is suggested that WIN 2848 may be 
found useful in the treatment of allergic conditions. . s. L. \v. 


Antimonyl I-Aminothiazole Tartrate, Preparation and Toxicity of. D. B. 
Meyers and J. W. Jones. {J. Amcr. pliarm. Ass., Sci. Ed., \949, 
38, 41 .) An organic compound of antimony which might prove highly toxic 
to protoza in quantities safe for administration to the host was required. 
Properties desired were: solubility in water so tha't parenteral administration 
svas possible; a low index of irritation at the site of injection; a high para- 
siticidal action; and a sufficient margin of safety. The compound prepared 
was a water-soluble trivalent antimony salt, which was found to be less 
toxic and less irritating than tartar emetic when injected intravenously into 
the femoral vein of white rats. Analyses for antimony and sulphur indi- 
cated the following structural formula; 



CH C-N-O-CO- CH- CH-C = O 
\ S / H. 


The LD50 of the compound for rats was shown to be 75 to 95 mg./kg. 

G. R. K. 


Decamethonium Iodide (CIO), Effects of on Respiration and on Induced 
Convulsions in Man. D. L Davies and A. Lewis. {Lancet, 1949, 256, 
775.) From a study of the effects of CIO and d-tubocurarine chloride in 18 
patients with depressive illness subjected to electrically induced convulsions, 
no distinguishable difference was observed, either in respect of the parescs 
and paralyses induced or the characteristics of the modified convulsion. 
The effect of the two drugs on respiratory movement showed no significant 
difference. Small doses of either produced thoracic movements of lesser - 
amplitude, with slight increase in the rate but no change in the amplitude of 
abdominal movements. Large doses abolished thoracic movement and 
diminished the amplitude of abdominal movements, while greatly increasing 
their rate. Although the efficiency of respiration is impaired by both drugs 
in large doses CIO spares the diaphragm more than does d-tubocurarine 
chloride, and would thus appear to offer a wider margin of safety. The 
clinical use of CIO, in combination with thiopentone sodium, in a series of 40 
patients who were being treated by electrically induced convulsicns showed il 
to be safe and effective for this purpose and without disagreeable side-effects. 

S. L. \V. 


Digitalis Products, The Use of Pigeons for the Assay of. A. L av a 1 1 e e 
.md M. G. All mark. (Jf. Ainer. pharin. Ass.. Sci. Ed., 1949 38 45) 
ComparatiNc data are given on the intravenous pigeon and US P 
or po..a„od eieitali,. distoli, Id 

purified glycosidal products and amorphous difrii-,i;n tk • 
used has been described by Cook {BnlL U S ^948 3S i 
and Lusky U. Pharmacol.. 1948 93 Sn Th’p * 

VJ, 61 .) The two methods showed fairly 

[Coniinued on page 635 
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THE CHEMISTRY OF PENICILLIN, edited by Hans T. Clarke, John 
K. Johnson and Sir Robert Robinson. Pp, 1042 and Appendix. Princeton 
University Press, New Jersey (London; Geoffrey Cumberlege) 1949, £9 9s, Od. 

Many of the successful results achieved by scientific workers during the 
war are now known to the general public, and many are aware that chemists 
in this country and the U.S.A. working together under the auspices of the 
Medical Research Council and the Office of Scientific Research and Develop- 
ment respectively, determined the probable constitution' of penicillin but 
failed to discover a commercial method of synthesising it. Because the 
results were not of immedidte practical value, there may have been a tendency 
to dismiss them as of little importance and to regard the effort and money 
spent on this project — and there was a considerable expenditure of both — 
as having been wasted. 

It was, of course, disappointing that no practical synthesis of penicillin 
was forthcoming and that none of the simple synthetic compounds related to 
penicillin had therapeutic properties of any value, but it was important to 
know this in order that due weight might be given to improving the fermen- 
tation process for making penicillin and, in fact, a knowledge of the struc- 
ture of penicillin helped to improve very materially the amount produced 
by the mould. 

The complete results obtained in this collaborative investigation have now 
been published. During the 24- years in which nearly 40 teams on both sides 
of the Atlantic collaborated, about 700 reports, officially classified as secret, 
were prepared and circulated. Although these served their immediate 
purpose of informing other workers of the progress made by any particular 
group, they were not suitable as a permanent record, and, when the time 
came for the results to be made public, it was decided to correlate the 
observations of all the groups and present them systematically and in detail 
in a separate monograph instead of in the scientific journals as originally 
proposed. The result is this well-produced volume, similar in page size and 
format to the Journal of the American CUemkal Society. In each chapter, 
a description of the results obtained and the conclusions reached is given in 
ordinary type and is followed by the relevant experimental details in smaller 
type. The book is equipped with a good index. 

The first chapter, containing a brief outline of the chemistry of penicillin, 
has already been published verbatim in Nature and Science. Of the other 
28 chapters, the first three describe the results obtained prior to 1 943 when 
collaboration commenced. The others deal with the chemistry of particular 
penicillin degradation products or of groups of substances related in one way 
or another to the penicillin molecule; with the infra-red absorption spectra 
of penicillin and related substances; with the application of X-ray analysis 
and other physical methods to the elucidation of chemical structure; with 
the biosynthesis of the penicillins; with chemical modifications of the penicillin 
molecule; with methods of assay; and with the various methods used to 
synthesise penicillin, most of which were so strikingly unsuccessful.' 

It is important that all concerned with chemical work in the pharma- 
ceutical field should appreciate the uniqueness of this book. It is not a 
text-book in which existing knowledge is summarised and critically assessc , 
but a genuine source book containing information not available elsewhere 
It has therefore the same status as the journal of a learned society and will 
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presumably be abstracted in the same way so that its contents may become 
known to those who have not ready access to the booh itself, 

“ The Chemistry of Penicillin ” covers a far wider field than its title implies. 
Chapters 21, 25 and 26, for example, contain probably most of what is known 
of the chemistiy of oxazoles and oxazolones, thiazolidines and ^-lactams, and 
subsequent work in these fields will doubtless contain many references to 
what may familiarly become known as Chem. Pen. Again, chapters 11 arid 12 
give an account of a new and extremely important method of determining 
the disposition of atoms within a complex molecule, that will doubtless be 
used increasingly in future work, whilst chapter 13 contains much funda- 
mental data on the infra-red absorption spectra of penicillin, its degradation 
products, related compounds and simpler substances examined for purposes 
of comparison. 

It is impossible in the space available to give more than this brief outline 
of the volume under review. It is a book that should be added to every 
scientific library of importance, especially as its price must put it beyond the 
reach of the individual chemist, and a book that every organic chemist 
interested in chemotherapy should browse through in order to familiarise 
himself with its contents; for it contains much unexpected information that 
ma> he of value in other fields. 

F. A. Kobinson. 


ABSTRACTS iCominued from Page 633) 


close agreement, with the possible and inexplicable exception of digoxin 
tablets. Results differed from those of the cat method by less than 10 per 
cent, m the majority of the samples. For the whole leaf products the maxi- 
mum difference was found to be 19-9 per cent. Pigeons were less variable 
than cats for the assays reported and as a result fewer pigeons are required to 
meet the present U.S.P. requirement. g. r. k. 


Insulin, Potentiation of, by Sulphones. A. B. M a c a 1 1 u m. {Canacl. 
J Rei.. 194S, 26E, 232.) Sulphones in trace quantities combined with a diet 
rich in fresh vegetables were shown to produce in rabbits an increased 
sensitivity to insulin, both in the rate of fall of blood sugar levels and 
maintenance of hypoglycremia. In order to relate the molar concentration 
of sulphone to the unit value of insulin, 1 ml. of a 0-01 M sulphone solution 
was used in conjunction with 1 unit of insulin. In the case of less soluble 
solutions more dilute solutions were used but the volume of the dose in- 
creased to keep the amount of sulphone in relation to the amount of insulin 
constant The sulphone solutions were injected hypodermically into the side 
of the animal opposite the site of insulin administration in order to at'oid 
formation of possible insulin-sulphone complexes. In the case of simnle 
sulphones the potentiation did not appear untU sulphamide was used and 
he maximum effect m this group was attained with phthalyl tauramide 
In the case of the sulphonamides the potency was least with s„t„ho -i 
but increased in the succeeding member^^Tthis 

siilphaguanidine, sulphadiazine) the last Nr. 107 . 4 - i u '^‘^P"^*^' 2 Zole, 

mental trial, being the .™der experi- 

tethyl benzcnesulphonate, saccharin benzenesulnh^nT^ derivatives 

active of all the sulphones invesSted Th 

on the presence of sulphone compounds. sinceTSp^^t^rS 

[Continued on page 637 
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. CHROMATOGRAPHY 

Summary of a Lecture Professor A. H. Cook, D.Se., Ph.D.. ai the 

, Royal Institution 

ilow chromatography has helped in the isolation and 
l r. n? occurring in high dilution. This was 

vitamin ^ fields of hormones, vitamins, penicillin and 

methoH .Z, of. ‘he first substances to be studied by the 

30 000 tn annntf^ r ^ 1” ^^otoflavine is present at 1 part in 

at abnrit 1 in’ ftn ° medium and the anti-pernicious antemia- factor 

Up^ in fh X 10\ Another difficulty in the study of natural products 

impurities which are very often similar in physical 
nhvsicT? indistinguishable by ordinary' chemical or 

nrohlf*mc u/K frequently provides a solution to such 

, ■ hen there are great differences in the extent to which certain 

h it adsorbed some of them may pass straight through the column, 

ir. o appear in the liquid at the end of the column 

^ fashion. This is the principle of the liquid chromatogram, 
imes a zone may contain more than one substance when it will be 
necessary to fractionate them by repeating the process in a number of 
columns. An American apparatus provides for up to 200 repetitions. 

olourless compounds are detectable by viewing them in ultra-violet light, 
wtien many fluoresce, by the addition of a suitable dyestuff whose relative 
e aviour on the column is known or by the conversion of the substance to 
a coloured or fluorescent derivative. Chromatography has been the key to the 
■cnemistry of the carotenoids. It has also played an important part in micro- 
chemistry (detecting O'Ol g.) and in the examination of wines, foodstuffs and 
drugs. 

The degree to which a substance is adsorbed is related to molecular 
structure. The carotenoids which are characterised by a varying number of 
OH groups and conjugated or isolated double bonds, are a good example 
of this. 


Oxygen atoms, double bonds (conjugated more than isolated bonds) are 
associated with increased adsorption. Thus fucoxanthin containing 10 
double bonds and from 4 to 6 OH groups is most strongly adsorbed whilst 
a-carotene is about the least. The stereoisomeric methyl bixins give 
chromatograms which vary with the different molecular shapes of these com- 
pounds. This method of identification is much more sure than that of 
melting-points. 

Recently the method of mechanically separating the zones on a chromato- 
gram has been replaced by one where the zones are eluted into a special 
container where the liquid is observed either polaragraphically or by con- 
tinuous measurements of the refractive index. In this way Tisellius and 
Claesson have separated mixtures of lauric, palmitic and myristic acids. 
Ion exchange is a development of chromatography in which the ionic charge 
of the column and eluent plays an important part. It has been used to study 
the nucleotides and amino-acids. Substances which form salts in a medium 
of acid pH may be separated on a cationic column and those forming salts in 
one of alkaline pH on an anionic column. 

Another recent development is the partition method in which the column 
is packed with silica gel containing water. The passage of the zones 
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down the column depends on their relative partition coefficients beUveen 
wMer and the organic solvents. Adsorption by the silica is some- 
times a problem sihich mav be avoided by the use of stnps or sheets of 
filter paper. This is a ver%' convenient way of testing urine and has led to 
the detection of cssteine which was not formerly suspected in abnormal urine. 
The strip of filter paper is spotted with a drop of solution on a line drawn 
near one end. It is then suspended vertically in a glass cylinder so that the 
spotted end is immersed in a trough or organic solvent saturated with water 
at the top of the cylinder. The atmosphere is kept saturated with organic 
solvent and water vapour by placing the cylinder in a shallow dish of the 
mixture. The movement of the zone of substance in solution relative to the 
distance moved by the advancing front of liquid is measured. Various 
reagents are used to detect the zones of substances present. By using a sheet 
of filter paper a number of solutions may be examined at the same time and. 
under standardised conditions, it is possible to use maps to identify the 
different substances by theic relative positions. Ammo-acids both in the free 
and bound forms, gramicidin. pemciUin, purines, sugars and anthocianms 
ha\e all been studied by this method. Vitamin B,- was investigated by a modi- 
fied method in which the chromatographic stnp was laid across a seeded agar 
plate and the effect of the various zones on the bactenal growth was noted. 
Observations have been made on the products of photosynthesis in algae with 
the aid of radio-active particles. The cells were extracted with solvent and 
chromatograms prepared which were photographed on X-ray film. By com- 
parison with chromatograms of kno%'.n substances no less than 15 substances, 
hitherto unknown in photosynthesis, were detected. Partition chromatography 
has also shown the toxic factor in flour caused by treatment with nitrogen 
trichloride to be neither an amino-acid nor a protein. Because little change 
ensues in the nature of substances isolated b> chromatography, it Is indis- 
pensable in the investigation of natural products especially in such complex 
problems as the nature of bactenal toxins and the specificity of proteins It 
has enabled us to speculate on the course of photosynthesis and the biogenesis 
of amino-acids. 


ABSTRACTS (Continued from Page 635) 
days after these compounds base been detoxicated or eliminated. The 
potentiating effect is due to the combined effect of the sulphone sensitisation 
and some element in fresh %egetables in the standard diet (fresh cabbage, 
lettuce, carrots, hay and oats). s l %v 


Testosterone, Long-Acting Preparation of. E C a r 1 1 n f a n t i, F. D’A 1 b 
and L. C u t o 1 o {Lancet^ 1949, 2a6, -t/9.) To a solution of I a of cri'stal- 
hne testosterone in 10 ml. of alcohol (96 per cent.) is slowlv added,' with 
constant stirnng, 20 ml. of an equeous suspension of alumini’um phosphate 
/ mg. ml. The mixture is allowed to sediment and the supernatant fluid 
decanted off. The residue is made up to 40 ml. with saline solution The 
preparation is stable and can be administered with a fine needle Experiments 
were carried out on castrated guinea-pigs, one group receiv.na one injection 
of lesiosterone propionate in oil in a dose of 25 mg./ 100 a., and'another «roup 
he same arnount of pure testosterone adsorbed on to aluminium phosphate 
It was found that one injection of the ester-m-oil preparation leads to a imiH 
rise and fall in the weight of the seminal vesicles, whereas the new preparation 
produces a greater and more continuous action reach.na . 
linn 30 da\s after administration ’ ^ earlier 

S. L. \v. 
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The asterisk (*) after the name of an article indicates that the information 
given is derived from the makers' publications. Further information regarding 
these articles may be obtained by application to the Editor. 

Eulissin* is a synthetic ciirarising agent for use in aniesthesia and convul- 
sive therapy. It is a sterile solution of decamethonium iodide (bistrimethyl- 
ammonium decane iodide (CIO) for intravenous injection. It is supplied 

in ampoules containing 5 mg. in 2-5 ml., in boxes of 6, 12 and 100 ampou es. 

s. L. \v. 

Fel-evac* is a standardised fatty meal for use in cholecystography, 
replacing the unstandardised meal hitherto employed, usually consisting o 
eggs, with bacon or milk. The use of Fel-evac does not necessitate any 
departure from the usual procedure. A fat-free meal at 6 p.m. is lo o 
an hour later by the opaque substance; only fluids are allowed until alter 
the first radiograph at 9 or 10 a.m. the following morning. If a clear snaaow 
is obtained, Fel-evac is then given and further radiographs taken at ‘ntervai 
of 15, 30 and 60 minutes. A dose of U oz. in a small glass of warin milk 
is usually satisfactory; in a normal gall-bladder this mdiices a goo 
traction within 30 minutes. It is supplied in 10 oz. and oz. jar . 


Pyribenzaniine* is N-benzyl-N-(a-pyridyl)-N 
monohydrochloride. It is a white, crystalline substance, which is sta , 
hygroscopic, and soluble in water. It is anti-histamine as htt e as 
protecting guinea-pigs against 50 mg. of histamine, or 1 conditions, ' 

dose. It is indicated in the prevention and treatment of 
such as allergic rhinitis, acute and chronic ^ ^ ns. Less 

reactions; it has also been employed in a number of pru^ti , . ^ asthma 
encouraging results have been obtained in the treatment - • n.05 a , 

and migraine. It is administered in the form of tab ets - 

the average adult dose being from I to 4 tablets f approxi- , 
dosage is determined on a body-weight basis, an 

mafely one-half the adult dose is employed. dryness of 

commonest being drowsiness and gastro-m manifestations 

the mouth, vomiting and diarrhoea occur occasiona y. . 

include insomnia, tachycardia, diplopia ^ elixir in bottles 

in packages of 20, 100 and 500 tablets of g., ^ ^ 

of 100 ml. containing 0-005 g. per ml. 

Visco-Pyelosil* is a 35 per cent, aqueous Inj'eced 

viscous with a neutralised polymer of jn^ the .ulerus and 

subcutaneously or intramuscularly, an injected intravenously 

peritoneal cavity it causes no i^^^^bon. It naust not ^ ^ ^y,,,ro- 

or intrathecally. It is employed as a «diological conjast^^ 

salpingography especially in the confuse defoition or produce 

body fluids avoids globulation which can confuse Jemi 

misleading appearances. If ® P ^ Rapid dispersal and excretion 

no compilation from oil embolism can arise. ^ contrast medium 

also avoids risk of subsequ^t irri contrast medium required usually 

remaining in the cavities. The amount . ij up completed within 10 
tos no®exca.d 10 ml. and all ff '!™ 10 ml. 
minutes. It is issued in boxes containing 1 and amp ^ 
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NEW APPARATUS 

FOR PHASE-COMTRAST MICROSCOPY 


examination o£ 



A SIMPLE METHOD 

Phase contrast microscopy is particularly valuable m the immer 

»ith his. pow„s a.d .» 

method was demonstrated by Dr. 

J. R. Baker^ and his associate workers 
of the Department of Zoology of 
Oxford University at the Royal 
Society’s Conversazione on May 26, 
1949. A phase-plate is prepared from 
a circle of glass, 1 mm. thick, of the 
same diameter as the back lens- of the 
objective, and with the sides optically 
plane and exactly parallel to one 
another. This phase-plate is held in 
place behind the objective lens by 
means of a hollow brass cylinder 
which fits into the objective. The 
phase-plate is glued to the lower end of 
this cylinder (Fig. 1). The phase-plate 
is uniforrrfiy bloomed one side with 
magnesium fluoride to such a thick- 
ness as to give a retardation of a 
quarter-wave of apple green light, 
in comparison with light passing 
through the same thickness of air. 
(Deposition of magnesium fluoride 
is done by Messrs. R. and J. Beck.) 
The plate, glued to the end of the cylinder, is accurately mounted in 
the centre of the revolving disc of a turntable used for mounting microscopical 
slides, and an annulus is dug out by scraping part of the bloom away with a 
chisel-pointed needle mounted on a specially constructed arm. The annulus 
should lie a little less than half-way from the centre of the phase-plate to 
Us circumference. 

In order to balance the direct light coming through the annulus with that 
of the diffracted light which passes through the rest of the phase-plate, carbon 
must be deposited on the annulus to reduce its transmission. This is done by 
passing the plate through a small xylene or benzene flame. The smoking 
should be sufficient to reduce light-transmission by about 30 per cent. The 
carbon is then removed from the phase-plate, except from the annulus itself 
An illuminating annulus is ne.xt prepared. An annular space is cut away 
from a piece of black paper, which is then stuck on to a sheet of glass. 
The illuminating annulus is placed immediately in front of a 150 watt 
•• Helios " enlarging lamp, which is the source of light. To set up the 
apparatus a square of fine ground glass is placed between the light source and 
the microscope mirror (Fig. 2). The microscope may now be used ordinarily 
Some hving^cells are now placed on a slide and focused with a low-power 
objec hve. The condenser (preferably a high-power achromatic one) is then 

cells. The low power objective is now replaced by the oil-immersion iSs 
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1-iG I.— Diagram of the microscope 
ohjcctive showing the method of 
fitting the phase-plate. (Reproduced 
by courtesy of the Quarterly Journal 
of Microscopical Science.) 



NEW APPARATUS 

carrying the phase-plate, and one of the cells is carefully focused. Then the 
slide IS moved so that no cell is sen; the draw-tube is removed and a 3 in. 
objective IS screwed into it at the bottom. The draw-tube is replaced and 
adjusted so that the phase-plate annulus is carefully focused. The sheet of 



r iG. 2. — Optical diagram of the apparatus for Phase-contrast Microscopy. The 
system described in the text is an improved and simplified form. (Reproduced b} 
courtesy of the Quarterly Journal of Microscopical Science.) 

ground glass is next exchanged for the bright annulus, and the condenser is 
now lowered until the bright annulus is in focus at the same time as the phase- 
plate annulus. At this position, the image of the bright annulus thrown by 
the condenser lies in the plane that is conjugate to the plane of the phase- 
plate placed on the other side of the objective. To make the two annuli 
exactly coincide the mirror is adjusted and the bright annulus and lamp 
moved towards or away from the mirror, whilst corresponding movements 
of the condenser are made to keep the bright annulus in focus. The 3 in. 
objective is then removed and the object once more brought into the field of 
view. The microscope will show the cells in “ positive ” phase-contrast : the 
field will be bright, transparent objects of high refractive index will appear 
black or grey. 

References 
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CHAIRMAN'S ADDRESS 


Pharmaceutical Research 


I PROPOSE, this afternoon, to talk on the theme of pharmaceutical research, 
its aims and. scope and its relationship to research in medicine, chetmst^ 
and other sciences. This topic was discussed by Dr. T. E. Wallis in his 
address to the Conference in 1943, and I feel therefore, that some apology 
is necessary, but as I propose to approach the matter from a direction 
rather different from that of Dr. Wallis, who was mainly concerned with 
academic research, perhaps I may be forgiven for referring to the subject 
again. In fact, my address is in the nature of an addendum to Dr. 
Walhs’s and will underline much of what he said. 


In considering the subject of Pharmaceutical Research, I am immedi- 
ately confronted by the difficulty- of definition. What is Pharmacy and 
what is Research? The word “ research ” has become very much over- 
worked in these days. It seems to be applied to almost any type of 
enquiry. We hear of “ listener research,” “ market research,” “ packag- 
ing research ” and even “ time-table research.” Most people, I think, 
would hesitate to give the term “ research ” so w-ide a definition, but where 
is one to draw the line? Research cannot be defined according to the 
importance of the results achieved. The distinction between what is or 
is not research is something more intangible. Rather, it depends on the 
attitude of mind with which an enquiry is approached. A problem which 
appears at first sight to be simple and solvable by known methods and 
therefore not to be dignified by the name of research may turn out to 
involve a fundamental investigation into certain phenomena, which raises 
it to the plane of true research. 


When I ask myself “Viffial is pharmaceutical research? ” 1 find it 
equally difficult to provide an answer. Pharmacy is not a science in 
itself. It is an art which makes use of many sciences. I would remind 
you of the words of Daniel Hanbury- which were quoted by Dr. Wallis in 
his address and which I think are worth repetition. He said, “ Our art, 
gentlemen, is ever progressive. All science is interesting to us since almost 
every scientific discovery may sooner or later, directly or indirectly, yield 
some results profitable to pharmacy.” 

It would be going too far to argue from this that all scientific research 
IS phaimaceutical research. Here. I think, we must take into account 
the objective of the research, and say that pharmaceutical research is 
research carried out with a pharmaceutical objective, which is rather like 
saying that an archdeacon is one who performs archidiaconal functions - 
What, then, is a pharmaceutical objective? I think that the best wav 
to answer that question is to consider the different types of investigations 
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that can justifiably be claimed as pharmaceutical research. The following 
list is probably not complete, but, I hope, fairly comprehensive: 

1. The synthesis of new organic compounds with the object of dis- 
covering new drugs, and the examination of known compounds for new 
pharmacological properties. 

2. T^e isolation and purification of the active principles of naturally- 
occurring drugs, the elucidation of their structure and their synthesis, 

3. Pharmacognostical research. 

4. Research on methods of cultivation of vegetable drugs with the 
object of producing maximum potency. 

5. Methods of preparation of drugs in a form suitable for administra- 
tion, under which heading we may include the preservation and sterilisa- 
tion of medicinal products, 

6. The chemical and biological standardisation of drugs. 

Let us consider these divisions in rather more detail. 

The primary importance to medicine of organic chemical research 
needs no emphasis from me. The number of valuable synthetic 
drugs discovered in recent years provides suflScient evidence of this. 
The organic chemist must, of course, work hand-in-hand with the 
pharmacologist, who functions as a sort of compass and tells him 
whether he is moving in the right direction. Most research of this 
type is nowadays carried out by teams of workers, each approaching 
the subject with a special knowledge and skill. The organic chemist 
usually takes as his starting-point some compound, either natural or 
synthetic, of known pharmacological action, and by modification of its 
structure, produces new compounds which he hopes will have an improved 
or modified pharmacological action. Modification of structure in the 
direction of simplification has proved a fruitful source of new drugs. 
Such simplification may have the advantage of substantially reducing 
the cost of treatment. Examples of this are seen in stilboestrol and related 
compounds which resemble in a much simplified form the structure of the 
natural cestrogens, and the new synthetic curarising compounds which are 
substitutes for the natural alkaloid, tubocurarine, are comparatively easily 
synthesised and are very much cheaper. Sometimes such researches lead 
the chemist far away from his starting point. The series of researches 
which started out to produce an improvement on the antimalarial drug, 
mepacrine, ended with paludrine, a compound of very different structure. 

Research of this type sometimes involves the production of hundreds 
of compounds in the laboratory. The discovery of a successful new type 
of synthetic drug is followed by feverish activity in organic laboratories m 
the production of compounds of a similar structure in the hope of finding 
an improvement on the original. The number of sulphonamides which 
have been synthesised since the discovery of the value of sulphanilamide 
is legion, but the number of real value in medicine is probably less than 
a dozen. Sulphanilamide itself provides an example of a compound 
which has been known for many years before its valuable bacteriostauc 
properties were realised. This emphasises the importance of thorou^ 
pharmacological testing of all new compounds. Sometimes too, a vana- 
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that can justifiably be claimed as pharmaceutical research. The following 
list is probably not complete, but, I hope, fairly comprehensive: 

1. The synthesis of new organic compounds with the object of dis- 
covering new drugs, and the examination of known compounds for new 
pharmacological properties. 

2. The isolation and purification of the active principles of naturally- 
occurring drugs, the elucidation of their structure and their synthesis. 

3. Pharmacognostical research. 

4. Research on methods of cultivation of vegetable drugs with the 
object of producing maximum potency. 

5. Methods of preparation of drugs in a form suitable for administra- 
tion, under which heading we may include the preservation and sterilisa- 
tion of medicinal products. 

6. The chemical and biological standardisation of drugs. 

Let us consider these divisions in rather more detail. 

The primary importance to medicine of organic chemical research 
needs no emphasis from me. The number of valuable synthetic 
drugs discovered in recent years provides suflScient evidence of this. 
The organic chemist must, of course, work hand-in-hand with the 
pharmacologist, who functions as a sort of compass and tells him 
whether he is moving in the right direction. Most research of this 
type is nowadays carried out by teams of workers, each approaching 
the subject with a special knowledge and skill. The organic chemist 
usually takes as his starting-point some compound, either natural or 
synthetic, of known pharmacological action, and by modification of its 
structime, produces new compounds which he hopes will have an improved 
or modified pharmacological action. Modification of structure in the 
direction of simplification has proved a fruitful source of new drugs. 
Such simplification may have the advantage of substantially reducing 
the cost of treatment. Examples of this are seen in stilboestrol and related 
compounds which resemble in a much simplified form the structure of the 
natural oestrogens, and the new synthetic curarising compounds which are 
substitutes for the natural alkaloid, tubocurarine, are comparatively easily 
synthesised and are very much cheaper. Sometimes such researches lead 
the chemist far away from his starting point. The series of researches 
which started out to produce an improvement on the antimalarial drug, 
mepacrine, ended with paludrine, a compound of very different structure. 

Research of this type sometimes involves the production of hundreds 
of compounds in the laboratory. The discovery of a successful new^ type 
of synthetic drug is followed by feverish activity in organic laboratories in 
the production of compounds of a similar structure in the hope of 
an improvement on the original. The number of sulphonamides wmc 
have been synthesised since the discovery of the value of sulphanilannue 
is legion, but the number of real value in medicine is probably less than 
a dozen. SuIphanUamide itself provides an example of a coinpouna 
which has been known for many years before its valuable bactmosta c 
properties were realised. This emphasises the importance of thotoug 
pharmacological testing of all new compounds. Sometimes too, a vana- 
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tion on a compound having a certain pharmacological action may prove 
' to be valuable for a therapeutic effect of quite a different kind. On the 
other hand, valuable drugs ate sometimes discovered which bear no 
relation in structure to those previously known. The analgesic, pethidine, 
is modelled on the structure of morphine, in amidonc the relationship is 
scarcely recognisable. The new antihistamine drugs arc of a type not 
hitherto used in medicine and have a novel pharmacological action. 
The most remarkable development of recent years has been the dis- 
covery of drugs which act selectively on species of living organisms 
or upon one particular type of cell or enzyme. The antibiotics, anti- 
malarials, antrycide, etc., are examples of drugs acting selectively on 
certain organisms. Antihistamine, antithyroid, anticholinesterase and 
curarising agents are examples of selective poisoning of certain types 
of cells or enzymes. Increased knowledge of chemical constitution 
and its relation to pharmacological action, of the causes of disease 
and of the nutritional requirements of organisms makes the task of 
the organic chemist less subject to chance than it used to be, but we 
are still a long way from being able to design a new drug like a machine 
on a drawing-board. The element of luck has not yet been entirely 
eliminated, but as Pasteur wisely said, “In the fields of observation 
chance favours only the mind which is prepared.” It may have been 
a lucky chance that led Sir Alexander Fleming to the discovery of peni- 
cillin, but unless his mind had been prepared by years of research and 
thought on such matters, who knows that he would have appreciated 
its significance? 

It cannot be too strongly emphasised that the greatest possible care and 
the most thorough and exhaustive trials are necessary before placing a 
new drug on the market. Time and.again a drug, which has been thought 
from prelimmary tests to have an irreproachable character and has been 
launched with a flourish of trumpets, has proved to possess undesirable 
and even dangerous qualities. 

The second type of research to which I have referred deals with the 
isolation and purification of natural drugs, the determination of their 
structure and synthesis. Recent discoveries have shown that Nature still 
has something up her sleeve, A few years ago it might have been thought 
that it was unlikely that any new natural drugs of value would be dis- 
covered and that the future lay with synthetic organic chemistry. Then 
came peuicUlin to show us an entirely new type of drug from an entirely 
new source a compound with a new sort of structure, and one, more- 
oyer, that has not 3'et been synthesised except in minute quantity in spite 
of the efforts of some of the finest organic chemists in the world— a blow 

T .w chemists who might have been inclined 

to think that anythmg can be synthesised once its structure is known— 

Epa?’ Then, as if to heap. coals of fixe on the 

head of the organic chemist. Nature produces chloramphenicol or 
Chloromycetin, a naturally occurring antibiotic with a comSvelv 
smpl, sttuenre. co„,ai„tag, abovelo aiags. a 
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chlorine atoms, looking for all the world like a typical product of the 
organic laboratory, yet it is not among the hundreds of thousands of 
compounds which have been synthesised. Truly it behoves those who 
pry into the secrets of nature to preserve a spirit of humility. 

Another natural product which promises to be one of the important 
drugs for the relief of human suffering is known as “Compound E,” 
obtained from the suprarenal gland. The minute amount present in 
the gland precludes its extraction from natural sources in quantity, and 
all hopes are centred on a successful synthesis. The known synthesis 
is long and difficult, even if supplies of raw material from Strophanthus 
sarmentosus are forthcoming in sufficient quantity. The position is a 
challenge to the organic chemist, and those who solve it will, indeed, 
have deserved well of mankind. 


I do not wish to spend more time on the contributions of organic 
chemistry to pharmaceutical research. Fundamental as these 
are, we must in these days regard organic chemistry as a highly specialised 
art and the organic chemist as a species apart. The pharmaceutical 
student who intends to become an organic chemist must realise that, 
henceforth, his whole mind will be steeped in organic chemistry and 
perhaps in one small section of this vast subject. 

I cannot speak with any authority on the third section of pharma- 
ceutical research on my list — pharmacognosy. Dr. Wallis has already 
done so, nor can I say^ anything on the fourth item — the cultivation of 
drugs, so I will pass on to the fifth, the section of pharmaceutical 
research which most properly merits the name, the preparation of drugs in 
a form suitable for administration. The introduction of a new drug into 
medicine entails four steps, (a) the chemical production by synthesis or 
other means, (b) the pharmacological investigation, (c) the pharmaceutica 
investigation and (d) the clinical trial. The chemical research shorn 
supply information on the physico-chemical properties of the drug, te 
solubility etc., and on its stability to heat, moisture and oxidation. Ihe 
pharmacological research should give data on the best means of a mini 
stration and'^the probable dose required, and some information about the 
method and rate of absorption and excretion, whether the effect is tran- 
sient or prolonged. The clinician can advise from such data on the type 
of pharmaceutical preparation which is most suitable for admimsfration, 
whether dosage should be frequent, or whether the action should be pro- 
longed by some such means as the use of an oily medium 
injection. Nevertheless the pharmacist is by no means the least important 
link in the chain. Failure to provide a satisfactory pharmaceutirai 
preparation may bring a new drug into discredit. The j 

his experience can and should give valuable assistance to the clmician 
as to the best method of administration of a new drug. 

If an injection is required, a number of questions must be considered, 

(a) Is the drug sufficiently soluble and stable in water to make an 
aqueous injection possible? If not. can any other solvent be used or can 
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any addition be made to increase the solubility? Would any other form 
of the drug, such as another salt, be more suitable for injcclion. li 
these questions cannot be answered satisfactorily, would a d^ ampoule 
be a suitable method? (b) Is the addition of sodium chloride or other 
matenal necessary to make the injection isotonic? If so, how docs it 
affect the solubility or stability of the drug? (c) Is the natural pH of the 
drug suitable for injection, and does it ensure the maximum stability or 
must the pH be stabilised by the addition of a buffer? (d) What is the 
most suitable preservative, if one is required, and is it likely to react 
with the drug or affect its stability? (c) WTiat is the most suitable method 
of sterilisation? Does sterilisation by heat cause any decomposition of 
the drug or production of toxicity? If heat is unsuitable, docs sterilisa- 
tion by filtration cause any loss of potency? (0 Should the injection be 
protected from oxidation by filling the ampoule with nitrogen? (g) What 
is the stability of the injection as finally formulated under ordinary 
conditions, under tropical conditions or under abnormally cold condi- 
tions? (h) If the injection is to be in a rubber-capped container, will 
contact with rubber affect the injection in any way? (i) Should the injec- 
tion be protected from light by the use of amber containers? 

If the required form is an oily solution or suspension, other problems 
arise such as — (a) What is a suitable composition for the oily base? 
(b) If a suspension is required, what is the most suitable particle size 
of the drug? (c) Does the drug remain easily dispersible in the base? (d) 
Is the viscosity suitable for drawing into a syringe? 

If the new drug is likely to be used in combination with some other 
drug a study of any possible interaction between the two must be made. 


The mvestigation of all these problems may involve a considerable 
amount of work. A large number of different formulae may have to be 
tried and each one checked either by analysis or by pharmacological 
tests or both. If the drug is a new one, analytical methods may have to 
be devised in order to delect decomposition. If the drug is administered 
orally, the problems are not usually so complex. The pharmacist must 
first consider whether a tablet is a suitable medium of administration or 
if not, whether a capsule would be a belter form. If a tablet is chosen, the 
compatibility of the drug with the usual diluents or lubricants must be 
considered, and the amount and the type of diluent necessary to give 
efiective disintegration of the tablet, the possible effect of the granulation 
process on the drug, and the stability of Ae drug in tablet form. 


New drugs may sometimes call for new methods of administration. I 
should like, if I may, to take an instance from my own experience of 
what 1 regard as an example of pharmaceutical research, which called for 
aU the resources of the pharmacist as distinct from the chemist, and in 
my opimon, was a type of problem which the pharmacist can tackle 
better than anyone else. I refer to the production of a chewing-oum 
contaming penicillin. Here was a problem which was quite new. Il'was 
not a question of adding penicilhn to the ordinary chewing-sum base 
because the ordinary chewing-gum base contains water, and penicillin 
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would not last in it for more than a few days. A completely new type of 
water-free base had to be produced, and the penicillin had to be incor- 
porated in such a way that it was liberated over several hours of chewing. 
The chief asset of the pharmacist, as I said in my address last year, is his 
knowledge of the properties of materials. It is said that the organic 
chemist with the aid of some coloured balls and bits of wire can design 
a new detergent and confidently prophesy its properties before the com- 
pound is made. A chewing-gum cannot be designed in this way, since 
so little is known of the effects of constituents on the rheological proper- 
ties of solids. Many experiments had to be made before fte right 
consistency was reached and the desired slow release of penicillin was 
attained, involving many lengthy chewings by rather unwilling human 
guinea-pigs and the taking of many samples of their saliva for penicillin 
assay. Not only must the desired consistency be attained, it must be 
retained under a variety of storage conditions, for the margin between 
chewing-guRi which is too soft and sticks to the teeth, and chewing-ga^ 
which breaks up when chewed is a very narrow one. There is also tne 
problem of flavouring to be considered; this, too, must be liberated sl°w y 
and must not react with the penicillin. Problems such as this can only 
solved when the accumulated knowledge and experience of the tram 


pharmacist is brought to bear upon them. 

Drugs which are used by external application provide some of the most 
interesting problems for the pharmacist. Many of the physical prool®®® 
which arise in the formulation of such products were mentioned in my 
address last year, and I do not propose to repeat them now. 

Much of the research in industrial laboratories is f 

methods for large-scale production, not merely of 
pharmaceutical preparations. Advice must he ^ven to the produmio ^ 
department on the most suitable type of plant and for this P™p . 

of a size comparable with a production batch must be 
Transfer from the laboratory bench scale to th® f 

scale is rarely achieved without difficulties, even though an «®hia^^ 
or “ pilot ” stage is interposed. The closest co-operation 
research and production staff is essential to ensure succes^ 

But research is not confined to new drugs or to °®Xts £iS^^ 
tation of drugs. There is a continual stream of priJlems^J^^S^^ 
existing preparations, hlew ingredients are m improved types of 

is required to produce a new and improved prod . P „ ^ 

Plam may require a modification of a Production process Conmct 
the production department may lead the rebate efficiency 

improvement in the production process whi § . unsatisfactory 

or reduce the cost. Existing formulae may be found to be unsajis 

when subjected to certain ^ fctised trouble in the 

composition of one of the o?^®‘huents ^ ^ problems and 

finished product. The quesbon of stability P ^d any 

more headaches for the pharmaceutical r concerned with 

other. The hospital and retail pharmacist is .-^nortant especially if 
ffiis problem, but to the manufaemrer it is all important. P 
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goods are to be exported. All sorts of conditions of temperature and 
humidity must be provided for, and in many cases it may be necessary to 
use a different formula for tropical countries. Suggestions from clinicians 
for improvements in the administration of drugs or for new combinations 
of drues are a fruitful source of investigation for the pharmaceutical 
research worker. It is a curious fact, that, no sooner is a new drug 
introduced, than suggestions flow in for combining it with other drugs. 
The belief of some clinicians in synergism seems to be unbounded. 

The proper organisation of research means a ready access to llic 
published literature on the subject. Much of the research worker’s 
time can be saved by an efficient library scr\’ice and indexing system. 
The subject of patents is the bugbear of the industrial research worker. 
A knowledge of existing patents Is essential before undertaking a piece 
of researchT This is not the place to discuss the merits or demerits of 
patents for medicinai products, but certainly the number of patents 
granted in this field is increasing and rendering the task of the research 
pharmacist more difficult One result of this is the mulliplication of 
new drugs to the confusion of the medical man and the pharmacist. The 
success of a new drug induces rival manufacturers to produce a similar 
compound with a modification in structure which avoids the original 
patent, but may or may not possess any therapeutic advantage. The 
number of antffiistamine drugs which have been put on the market in 
the United States has forced the Council on Pharmacy and Chemistry of 
the American Medical Association to refuse to accept new products 
unless they show a very marked superiority over the old. 


Familiarity with recent advances in the pharmaceutical field is a neces- 
sary equipment for the research worker, but advances in other industries 
may provide the key to the solution of many a pharmaceutical problem. 
The greater part of pharmaceutical research is carried out in the labora- 
tories of industrial firms, though much is done in the Universities and 
Schools and by hospital pharmacists. The days when the retail pharma- 
cist can spare much time for research work have unfortunately passed; 
the time when men like Farr and Wright could spend laborious hours 
on the determination of alkaloids in drugs is no more. Most modem 
research requires expensive equipment which is not found in the phar- 
macy. Nevertheless, the retail pharmacist of an inquiring mind must 
meet many problems which he could solve for himself with some 
expenditure of time and ingenuity. Doubtless much work of this type 
is done, but with a few exceptions such efforts remain “ unhonoured and 
unsung.” It is to be hoped that the National Health Service will not 
stiU further discourage such efforts. Pharmacy must not become mass 
produced. The spirit of inquiry which is, or should be, engendered in 
pharmacists by ffieir scientific training should not be stifled when thev 
engage m practice. 

Much of the work done in industrial laboratories necessarilv remains 
unpublished Consequently there is undoubtedly much duplication A 
great deal of dior, could be avoided by a pro^ or^Stion 
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would not last in it for more than a few days. A completely new type ot 
water-free base had to be produced, and the penicillin had to be incor- 
porated in such a way that it was liberated over several hours of chewing. 
The chief asset of the pharmacist, as I said in my address last year, is his 
knowledge of the properties of materials. It is said that the organic 
chemist with the aid of some coloured balls and bits of wire can design 
a new detergent and confidently prophesy its properties before the com- 
pound is made. A chewing-gum cannot be designed in this way, since 
so little is known of the effects of constituents on the rheological proper- 
ties of solids. Many experiments had to be made before the right 
consistency was reached and the desired slow release of penicillin was 
attained, involving many lengthy chewings by rather unwilling human 
guinea-pigs and the taking of many samples of their saliva for penicillin 
assay. Not only must the desired consistency be attained, it must be 
retained under a variety of storage conditions, for the margin between 
chewing-gum which is too soft and sticks to the teeth, and chewing-gum 
which breaks up when chewed is a very narrow one. There is also the 
problem of flavouring to be considered; this, too, must be liberated slowly 
and must not react with the penicillin. Problems such as this can only be 
solved when the accumulated knowledge and experience of the trained 
pharmacist is brought to bear upon them. 

Drugs which are used by external application provide some of the most 
interesting problems for the pharmacist. Many of the physical problems 
which arise in the formulation of such products were mentioned in my 
address last year, and I do not propose to repeat them now. 


Much of the research in industrial laboratories is concerned with 
methods for large-scale production, not merely of new drugs, but of 
pharmaceutical preparations. Advice must be given to the production 
department on the most suitable type of plant and for this purpose batches 
of a size comparable with a production batch must be carried through. 
Transfer from the laboratory bench scale to the manufactumg 
scale is rarely achieved without diflBculties, even though an intermediate 
or “ pilot ” stage is interposed. The closest co-operation between the 
research and production staff is essential to ensure success. 


But research is not confined to new drugs or to new methods of presen- 
tation of drugs. There is a continual stream of problems arising from 
existing preparations. New ingredients are introduced and reformulation 
is required to produce a new and improved product. Improved types of 
plant may require a modification of a production process. Contact witn 
the production department may lead the research worker to surest an 
improvement in the production process which will give greater efficiency 
or reduce the cost. Existing formulae may be found to be unsatisfacto^ 
when subjected to certain conditions, or some slight alteration m e 
composition of one of the constituents may have caused trouble m 
finished product. The question of stability provides more problems ana 
more headaches for the pharmaceutical research laboratory “an any 
other. The hospital and retail pharmacist is not so much concerned v 
this problem, but to the manufacturer it is all impo’-t'"^^ esnec v 
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soods are to be exported. All sorts of conditions of temperature and 
humiditj’ must be provided for. and in many cases it inay be nccessari’ to 
use a different formula for tropical countries. Sugeestions from clinicians 
for improvements in the administration of drugs or for new combinations 
of druas are a fruitful source of investigation for the pharmaceutical 
research worker. It is a cunous fact, thau no sooner is a new drug 
introduced, than suggestions flow in for combining it with other drugs. 
The belief of some 'clinicians in symergism seems to be unbounded. 

The proper organisation of research means a ready access to the 
published literature on the subject. Much of the research tvorkcr’s 
time can be saved by an efficient library service and indexing system. 
The subject of patents is the bugbear of the industrial research worker. 
A knowledge of existing patents is essential before undertaking a piece 
of research. This is not the place to discuss the merits or demerits of 
patents for medicinal products, but certainly the number of patents 
granted in this field is increasing and rendering the task of the research 
pharmacist more difficult One result of this is the multiplication of 
new drugs to the confusion of the medical man and the pharmacist. The 
success of a new drug induces rival manufacturers to produce a similar 
compound with a modification in structure which avoids the original 
patent, but may or may not possess any therapeutic advantage. The 
number of antffiistamine drugs which have been put on the market in 
the United States has forced the Council on Pharmacy and Chemistiy' of 
the American Medical Association to refuse to accept new products 
unless they show a very marked superiority over the old. 

Familiarity with recent advances in the pharmaceutical field is a neces- 
sary equipment for the research worker, but advances in other industries 
may provide the key to the solution of many a pharmaceutical problem. 
The greater part of pharmaceutical research is carried out in the labora- 
tories of industrial firms, though much is done in the Universities and 
Schools and by hospital pharmacists. The days when the retail pharma- 
cist can spare much time for research work have unfortimately passed; 
the time w'hen men like Farr and Wright could spend laborious hours 
on the detennination of alkaloids in drugs is no more. Most modem 
research requires expensive equipment which is not found in the phar- 
macy. Nevertheless, the retail pharmacist of an inquiring mind must 
meet many problems which he could solve for himself with some 
expenditure of time and ingenuity. Doubtless much work of this type 
is done, but with a few exceptions such efforts remain “ unhonoured and 
unsung.” It is to be hoped that the National Health Service nlll not 
stfll further discourage such efforts. Piarmaev must not become mass 
produced- The spirit of inquiry- which is, or should be, enaendered in 
pharmacists by their scientific training should not be stifled'' when they 
engage in practice. 


Much of the work done in industrial laboratories necessarily'- remains 
unpubhshed Consequently there is undoubtedly much dupHiitior^ 

great M ot un«,=cessa,y efort could be .voided by a proper oSaStion 
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of pharmaceutical research by a committee such as was envisaged by the 
Executive Committee of this Conference in their report to the Council 
of the Pharmaceutical Society. Such a body, composed of men of distinc- 
tion in pharmacy and the allied sciences, could do much to influence 
the direction of research towards the most pressing problems and to 
ensure co-operation between those interested in the same problem from 
different points of view. There seems to be a need for increasing me 
amount of research work which is carried out on behalf of the Bntisn 
Pharmacopoeia and the British Pharmaceutical Codex. Pharmaceutical 
research must always be the hand-maiden of medical research, but tms 
dbes not mean that it must be entirely dependent upon it. In fact me 
introduction of new or improved pharmaceutical products can and co 
influence methods of administration. A method of prolongmg the actio 
of a drug by altering the form of presentation'may so reduce the num 
of doses required that treatment is much less irksome to the patient. 

I have not left much time to deal with the sixth item on my li^- 
research on the chemical and biological standardisatiim of . 

discovery of a new drug is dependent on some method of g 
efficacy. The isolation of an active principle from a vegetable o 
source is dependent on some method of assaying ® uLneical. 

drugs require new methods of assay, whether chemic Methods 

New methods of manufacture may introduce new ith 

of testing are continually bemg improved, i Such ’work 

research proper must go research on methods of ^ontro . the° prizes 
can be just as fascinating as other types of research, th g 
may not be so valuable. 

The ideal type of research worker is rare and it is 
all membera of a research team will have the true reseamh mental 
He laboratory might not be a very pleasant place to work 
had The plodder is needed as well as his more bri science 

There is a general and laudable "J^^/rSearch worker 

nowadays to become research workers, h. He must 

must be a person of ideas, but ideas alone practicable 

have the capacity of sorting out the ideas for per- 

and those which are not. He must have the ^a^cRy _for P 

severance and concentration which ^ inspire enthusiasm in 

effect. He must be an enthusiast and be a P ignores 

others, but his enthusiasm must not car^ ffim ^ ^ failure and 

unpleasant facts. He must be Prepared to meet contm 

n£ with head “bloody but unbowed^ 3 hTs reward in satisfaction 

to stop. He must be Pt^pared to accept much of h ^ 

with work well done. He should be^^le to ^ 

chemist a few hundred years ago, _ to seek their pleasure 

3 mortals impelled by an almost ““P^lSs and poverty 
among smoke and vapour, soot and ^ame, po I would 

Loni all these evils. I seem to hve so sw^tly. that, may 
not change places with the Persian King. 

648 



RESEARCH PAPERS 


THE ISOLATIOI^ AND IDENTIFICATION OF BEETLE 
fragments from powdered VEGETABLE DREGS 

By CoLtN Melville 

From the Department of Pharmacy, Unhersity of Manchester 
Received May 31, 1949 


Introduction 

Vegetable drugs are required by the British Phannacopccia 1948 to be 
free from insects and other animal matter and it follosvs from this state- 
ment that such matter is not to be tolerated under the term “foreign 
organic matter.” Most vegetable drugs whether whole or powdered arc 
vtty prone to attack by insect pests especially when carelessly stored. 
The presence of whole insects is readily detectable by examining the 
material directly or by sieving. If infested material has been subse- 
quently powdered, any eggs present are usually killed and unless rcinfes- 
tation occurs no whole insects will be found. Detection must then be 
based on whatever insect fragments are present and since most drug pests 
are very small creatures, the weight of the more common beetles being 
of the order of 1 mg. and that of the identifiable fragments much less, 
even high infestations may be overlooked by direct microscopical 
examination. Some method of concentrating the insect fragments must 
therefore be adopted. The identification of fragments as being of insect 
origin is not however sufficient evidence that the material was infested. 
Certain drugs, particularly herbs such as hyoscyamus, not infrequently 
contain small insects which were associated with the growing plant and 
were not removed during the preparation for the market. Large insects 
such as the cockroach may also occasionally find their way into drugs 
and unless their identity was realised, the powdered material might be 
reported as highly infested. Thus a study of the diagnostic microscopical 
characters of drug pests appears desirable. In the present paper, methods 
for the isolation of insect fragments are considered, and the diagnostic 
microscopical characters of some of the more common beetle pests of 
drugs described. 


The Isolation of Insect Fragments 

For purposes of identification, the soft parts of insects may be ignored 
and only the exoskelelon need be considered. This consists of^chitin 
impregnated with sclerotin and other substances, and is resistant to 
many chemical reagents, including boiling dilute mineral acids Boiling 
caustic alkafies tend to remove the colouring and hardening materials 
without produemg other visible changes. The exoskeleton is also water 
recant but IS readily wetted by petroleum and similar non-polar liquids 
Thus ^o methods of isolating insect fragments from powdered Ss 
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suitable for starchy materials containing little cellulosic matter. In the 
author’s experience, they have not afforded the complete separation of 
insect fragments when applied to powdered drugs. A method involving 
solution of the cellulosic material of infected drugs was devised by 
Greenish^, but does not appear to have been generally adopted. It 
consists of boiling the defatted powder in 5 per cent, hydrochloric acid, 
macerating the washed residue for 18 to 48 hours in a mixture containing 
about 12-5 per cent, of sulphuric acid and 20 per cent, of chromic acid 
and separating the insect fragments by centrifugation. This method is 
not entirely satisfactory because solution of the vegetable material is not 
always complete and because of the time involved. The use of acetolytic 
methods appeared to the author to be more suitable and it was decided 
to investigate their practicability. Preliminary experiments with the 
usual laboratory methods of acetylation were made on absorbent cotton 
and on tow (Ugnocellulose). These materials dissolved most readily 
and completely in acetic anhydride containing 10 per cent, of concentrated 
sulphuric acid. -With vegetable drugs however, solution was not always 
complete and an amorphous sludge sometimes remained. This was 
thought to be due to the non-cellulosic constituents since the crude fibre 
from these drugs was found to dissolve completely. After various trials 
the following method was evolved. 

Method . — Boil about 5 g. of the powdered drug in a flask with 100 ml. 
of 10 per cent, w/w nitric acid in water for about 1 minute with frequent 
shaking. Filter through a No. 3 sintered glass filter, using suction, and 
wash the residue with hot water. Return the residue to the flask and 
boil for about 1 minute with 100 ml. of 2-5 per cent, sodium hydroxide 
solution, filter through the original filter and wash the residue with hot 
water. Remove the excess of water by suction and the last traces by 
passing a few ml. of glacial acetic acid through the filter. Transfer the 
residue as completely as possible to a flask of about 50 ml. capacity, and 
wash the remaining fragments into it with 10 ml. of acetic anhydride. 
Add a mixture of 10 ml. of acetic anhydride with 2 ml. of concentrated 
sulphuric acid, mix well and heat on a boiling water-bath until the crude 
fibre has dissolved. Solution is usually complete after about 10 to 15 
minutes during which the liquid becomes dark reddish brown. Separate 
the residue by centrifugation, pour off the supernatant liquid, replace wi& 
glacial acetic acid and recentrifuge. After pouring off the glacial acetic 
acid, the residue of insect fragments may be mounted in any desir^ 
mountant for microscopical examination. Alternatively, the acetic 
anhydride can be hydrolysed before centrifugation by gradually adding 
the contents of the flask to about 10 ml. of water. Where infestation is 
heavy and the finest fragments are not required, the contents of the flask 
may be passed through the sintered glass filter and the residue wash^ 
with glacial acetic acid followed by water. It can then be removed by 
adding a few drops of water or mounting fluid to the filter and gently 
brushing with a small stiff brush. Passage of air the reverse way through 
the filter by connecting the side-arm of the receiving flask to a water tap 
facilitates the removal. -If the drug contains much oil or fat it is pre- 
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ferable to remove most o£ it by maceration for a short tunc with one or 
tn'o changes of light petroleum or similar solvent before preparing th 

crude fibre. 

Identification of the Fragments 
The beetles most frequently infesting stored vegetable drugs- are 
Stegobiiim paniceiim L. (the drug-room beetle) and Ptinus tectits Boic. 
(the bronm spider beetle). Less common but of frequent occurrence me 
Niptus hololeucus Paid, (the golden spider-beetle) and Colandra 
gramria L. {the grain weevil). Lyctiis bninnciis Steph.. one of the powder 
post beefles, although primarily a pest of timber has been reported on 
\e 2 etable druas e.g. liquorice^. In these laboratories it has been found 
on Butea seeds and was recently introduced on Shensi rhubarb on which 
it appears to thrive. The following account is confined to these five 
species with the addition of a reference to the common cockroach Blatta 
orientalis L. 

Materials. — A sample of Jamaica ginger was examined for freedom 
from infestation and then coarsely chopped. For each species 1 0 beetles 
were mixed with about 30 g. of the material and powdered in a steel 
laboratory end-runner mill until fine enough to pass through a No. 60 
sieve. About 5 g. quantities were treated by the method described above 
and the residue mounted in cedar-wood oil for microscopical examination. 
Further mixtures with other drugs were subsequently prepared and the 
residue after removal of the vegetable material also examined. It con- 
sisted of fragments from the added beetles together with the acid- 
insoluble ash if any. With some drugs, especially leaves or herbs, the 
residue often contained pollen, some foreign to the particular drug, also 
various fungal spores and hyphae. 

The following descriptions were made from these fragments after refer- 
ence to the whole insects cleared by boiling in 2-5 per cent, sodium 
hydroxide solution. With a few exceptions indicated by the absence of 
a surrounding line, the sketches w'ere also made from the fragments. 
Drawing was done with the aid of a camera lucida at an original magni- 
fication of X 500, or for mandibles and antennal joints x 200. 

Microscopical Characters. General. — The fragments consist of the 
cuticle of the beetle, the soft parts having been dissolved. Fragments 
from the body are irregular in outline, yellowish-brown and translucent. 
The larger joints of the appendages are also broken but the smaller ones 
such as those of the antenna and tarsi are often intact. In life, the beetles 
are clothed with hairs all but a few of which become detached durina the 
powdering process, but leave scars to mark their position and frequency. 
The detached hairs are usually too finely broken to be recognisable 
although occasional ones are found intact The hairs of the species 
described are of two general types, bristle-like articulated sete. and 
smaller and relatively more numerous clothing hairs. On the fragments 
the positions of the former are marked by the setal scars which consist of 
a circular puncture enclosed within a concentric ring whereas the clothing 
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hairs leave minute usually simple scars referred to subsequently as micro- 
punctures. The fragments proving of most value for identifying the 
beetles were derived from the elytra, the prothorax and the head, those 
from other segments being less characteristic. Elytral fragments are 
recognised by the presence of coarse punctures arranged in rows— the 
strial punctures, which usually have a densely coloured rim. They are 
surrounded by an oval or' irregular area slightly darker than the general 
colour and apparently due to a local thickening or ingrowth of the 
cuticle. These areas may be absent from some fragments if the cuticle 
has laminated. In the majority of cases, the rows of strial-punctures are 
parallel except on fragments from the ends of the el}d:ra. In certain 
species, coarse punctures resembling the strial punctures occur elsewhere 
than on the elytra. These can be recognised either by their hregular 
arrangement or if they are in rows, by their closeness to the rim of the 
segment which is usually also present. 

The outer surface of the fragments may be smooth or raised into 
tubercles or ridges. The latter often enclose polygonal areas which 
probably correspond with the original cells of the epidermis. Mandibles 
are rarely found unbroken but the thick biting edge is often intact in 
which case the number and arrangement of the teeth is a useful character. 
The shape and size of the terminal joints of the antennae is also of value, 
while their number together with that of the mandibles gives an indication 
of the number of beetles originally present. 

StECOBIUM PENICEVM L. 

Elytra: strial punctures 10 to 50n apart in parallel rows, slit-like 
about 20 to 30ft long, with on each side one or rarely two rounded 
tubercles, each tubercle associated with a micro-puncture; the whole 
surrounded by an oval area about 30 to tiOfi long: intervals between 
the rows 100 to 150(1 broad, with setal scars about 10 to 15}i diameter, 
mainly in a single median row and separated by about 20 to 70(1 ; over 
the entire surface, numerous scattered micro-punctures separated by up 
to about 20(1. (Fig.l.C.) 

Prothorax: tuberculate; tubercles prominent, rounded conical, fur- 
rowed and irregularly dentate at the base, about 10 to 20(i diameter, con- 
tiguous or separated by up to about 50(i, each closely associated with a 
setal scar; intervals micropunctate like the elytra. (Fig. l.E.) 

Head: dorsal surface similar to the prothorax but with less prominent 
tubercles; ventral surface ridged, ridges curved to semicircular, 
or confluent forming crenate rows, each ridge overhanging a shallow 
depression containing a hair or its scar. (Fig. I. A.) 

Antenna: terminal joint ellipsoidal about 250(i by 70n, constricted a 
the base, hairy. (Fig. l.F.) 

Mandible: biting edge about 150/i long, tridentate, the teeth dimmis - 
ing in size from apex to base (Fig. 1.B); in the larva, the subtennmal tee 
prominent and connected by a cutting edge. (Fig. I.G.) 

Hairs: setae; cylindrical, about 100 to 150(i long, acuminate, moderate y 
thick walled, straight or slightly curved; clothing hairs similar but smaller, 
about 30 to 50)1. long. (Fig. 1 .D.) 
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Fie. 1. Sregobium paniceum I_ 

A Head, fracment from \emral surface showng ridges and an occasional hair, 
X 200 B. BiUne edee of a mandible. G. The same from a larsa, x80. C. El\- 
tron, fraament from the middle region shovring tv.o rotes of strial punctures, x 200. 
D. Hairs from eleiron of a whole insect, x 200. E. Proihora.x, fragment sho.ving 
tubercules with associated setal scars, x 200. F. Antenna, terminal and subtenninal 
jomts, hairs not shown, x EO. 


Pnsus TECTUS Boie, 

Eh tra: strial punctures up to about 30u apart in parallel rows, oblong 
to elbptical about 25 to 50u long with a thickened rim and surrounded by 
an o\al or rounded area about 60 by 55u; inters als between the rows 
SO to lOOii broad, w ith a single median row' of setal scars about 5 to 7u 
diameter and separated by 40 to 60u; over the entire surface, numerous 


scattered micropunctures separated by up to about 20u. (Fig. 2A.) 

Protlwrax: central region of the proaotum coarsely punctate, punctures 
vrregulaTly arranged, deep, circular to irreguiaily oblong about 40 to SOu 
long, resembhng the strial punctures of the elj'tra but sometimes lacking 
the surrounding area; inters'als with scattered setal scars and micro- 


punctate like the elytra. Fig. (2JD); remaining regions locally thickened, 
thickened areas isolated, more or less circular rid surrounding a setal 
scar, or confluent, irregular and enclosing up to about 5 set^ scars; 
surface over the areas micro-punctate, intervals impunctate. (Fis. 2.C.) 

Read: coarsely punctate, punctures numerous scattered and separated 
by up to about 50u, very shallow, circular to oval about 30 to 80u 
diameter each associated with a setal scar; interv’als micropunctate like 
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hairs leave minute usually simple scars referred to subsequently as micro- 
punctures. The fragments proving of most value for identifying the 
beetles were derived from the elytra, the prothorax and the head, those 
from other segments being less characteristic. Elytral fragments are 
recognised by the presence of coarse punctures arranged in rows — ^the 
strial punctures, which usually have a densely coloured rim. They are 
surrounded by an oval or 'irregular area slightly darker than the general 
colour and apparently due to a local thickening or ingrowth of the 
cuticle. These areas may be absent from some fragments if the cuticle 
has laminated. In the majority of cases, the rows of strlal-punctures are 
parallel except on fragments from the ends of the elytra. In certain 
species, coarse punctures resembling the strial punctures occur elsewhere 
than on the elytra. These can be recognised either by their irregular 
arrangement or if they are in rows, by their closeness to the rim of the 
segment which is usually also present. 

The outer surface of the fragments may be smooth or raised into 
tubercles or ridges. The latter often enclose polygonal areas which 
probably correspond with the original cells of the epidermis. Mandibles 
are rarely found unbroken but the thick biting edge is often intact in 
which case the number and arrangement of the teeth is a useful character. 
The shape and size of the terminal joints of the antennae is also of value, 
while their number together with that of the mandibles gives an indication 
of the number of beetles originally present. 


Stegobwm penicbum L. 

Elytra: strial punctures 10 to 50(i apart in parallel rows, slit-like 
about 20 to 30(1 long, with on each side one or rarely two rounded 
tubercles, each tubercle associated with a micro-puncture; the whole 
surrounded by an oval area about 30 to 50[i long; intervals between 
the rows 100 to 150(i broad, with setal scars about 10 to 15(t diameter, 
mainly in a single median row and separated by about 20 to 70(i: over 
the entire surface, numerous scattered micro-pxmctures separated by up 
to about 20(1. (Fig.l.C.) 

Prothorax: tuberculate; tubercles prominent, rounded conical, fur- 
rowed and irregularly dentate at the base, about 10 to 20(i diameter, con- 
tiguous or separated by up to about 50(i, each closely associated with a 
setal scar; intervals micropunctate like the elytra, (Fig. l.E.) 

Head: dorsal surface similar to the prothorax but with less prominen 
tubercles; ventral surface ridged, ridges curved to semicircular, 
or confluent forming crenate rows, each ridge overhanging a sha ow 
depression containing a hair or its scar. (Fig. l.A.) 

Antenna: terminal joint ellipsoidal about 250(i by 70(i, constnc e 


le base, hairy. (Fig. l.F.) 

Mandible: biting edge about 150(i long, tridentate, the teeth dun 
ig in size from apex to base (Fig. 1.B); in the larva, the subtemuna 
rominent and connected by a cutting edge. (Fig. 1.0.) 

Hairs: sets; cylindrical, about 100 to 150(i long, acuminate, m 
ick walled, straight or slightly curved; clothing hairs similar 
)out 30 to 50(1 long. (Fig. l.D.) 
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Fig. 1. Stegobtum paniceum L. 

A. Head, fragment from ventral surface shov.-ing ridges and an occasional hair, 
y "’00 B Biting edee of a mandible. G. The same from a larv'a, x 80. C. Ely- 
uom fr’asment from the middle region showing tv,-o ro'A’s of strial punctures, x 200. 
D. Hairs from elytron of a whole insect, x 200. E. Prothora^ fragment showing 
tuhercules with associated seta! scars, x 200. F, Antenna, terminal and subterminal 
joints, hairs not shown, x 80. 

Ptinus TECrUS BOIE. 

Elytra: strial punctures up to about 30u apart in parallel rows, oblong 
to elliptical about 25 to 50u long with a thickened rim and surrounded by 
an oval or rounded area about 60 by 55u; inter\-als between the rows 
80 to lOOu. broad, with a single median row of setal scars about 5 to 7p 
diameter and separated by 40 to 60u; over the entire surface,' numerous 
scattered micropunctures separated by up to about 20u. (Fig. 2A.) 

Prothorax: central region of the pronotum coarsely punctate, punctures 
irregularly arranged, deep, circular to irregularly oblong about 40 to 80u. 
long, resembling the strial punctures of the eljTra but sometimes lacking 
the surrounding area; intervals with scattered setal scars and micro- 
punctate like the elytra. Fig. (2.D); remaining regions locally thickened, 
thickened areas isolated, more or less circular and surrounding a setal 
scar, or confluent, irregular and enclosing up to about 5 setal scars; 
surface over the areas micro-punctate, interv'als impunctate. (Fig. 2.C.) 

Head: coarsely punctate, punctures numerous scattered and separated 
by up to about 50p, verv' shallow, circular to oval about 30 to 80ii 
diameter each associated with a setal scar; intervals micropunctate like 
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4e elytra. (Fig. 2.B.) SimUar fragments from the thoracic and abdomi- 
nal segments also occur. 

_ Antenna: terminal joint ellipsoidal, about 270 by lOOfi and 30 to 40u 
m diameter at the base, hairy. (Fig. 2.F.) 

Mandible: biting edge about 120n long with two teeth, apical tooth 
acute, basal tooth subacute. (Fig. 2.G.) 

Hairs: setae; resembling those of S. paniceum but rather longer and 



Fig. 2. Ptinus tectiis Boie. 

A. Elytron, fragment from middle reg’on. B. Head, fragment showing coane 
shallow punctures with associated setal scars. C. and D. Prothorax: C, fragment 
from near the head showing isolated locally thickened areas; D, from central 
region of the pronotum showing coarse deep punctures. E. Hairs_ from elytron 
of a whole insect. A to E, x 200. F. Terminal joint of antenna, hairs not snown, 
X 80. G. Biting edge of mandibles: 1. larval; 2 adult, x SO. 





BEETLE FRAGMEKTS FROM POWDERED VEGETABLE DRUGS 

mder; clothing hairs Y-shaped, cylindrical with acuminate arms, about 
40 to 60tt long. (Fig. 2.E.) 

Niftus hololeucus Fald, 

Elytra: strial punctures about lOOn apart in parallel rows, circular 
about 5 to lOu diameter with a deeply pigmented rim about 20!< 
diameter, each surrounded by a rounded to oblong concentrically stnat^ 
area about 120 bv 80u having an indented margin and sometimes exhibit- 
ina a number of' fissures radiating from the puncture; co-linear with the 
strial punctures, a row of setal scars, one associated with each puncture 
and separated from it by 20 to 40u*; intervals between the rows about 
200u broad, with seul scars about 5 to lOu diameter mainly in a single 
median row and separated by about 50 to 100a; over the entire surface 
numerous scattered micropunctures separated by up to about 20(i. 
(Fig. 3.A.) 

Prothorax: over the greater part, scattered setal scars and micro- 
punctures similar to those of the elytra; near the margin one or sometimes 
two rows of coarse punctures separated by about 30 to 70|i, punctures 
deep, circular to oblong about 20 to 40u long with a thickened rim and 
sometimes an enclosing circular to oval area about 40 to SOp long. (Fig. 
3.C.) 

Head: over the greater part, scattered setal scars and micro-punctures; 
neat the margia tuberculate, tubercles contiguous or separated by up to 
about 20p, conical, each subtending a short hair; extreme margin reticu- 
lately ridged, the ndges enclosing elongated polygonal areas about 15 
to dOp long and 15u wide. (Fig. 3.F.) 

Other regions; meso- and inetosternites, some joints of the appendages: 
sparsely micropunctate and reticulately ridged, the enclosed areas more 
or less regular penta- or hexagonal, about 10 to ISp long and 5 to lOp 
wide. (Fig. 3.G.) 

Antennce: terminal joint ellipsoidal to subcylindrical, about 400 by 
lOOp and 50a in diameter at the base, faairjc (Fig. 3.B.) 

Mandibles: biting edge about 200p long with uvo teeth and resembling 
that of P. tectus. (Fig. 3.E.) 

Hairs: setre, cylindrical to narrow fusiform, about 100 to 150ji long, 
acute or bifurcate at the tip, relatively thick walled; clothing hairs 
flattened scale-like about 40 to 60p long by 10 to "’Oa wide deft into 
three or occasionally four long fine points. (Fig. 3.D.) 


Calandra granakia L . 

Elytra: surface corrugate with inten'als of 40 to lOOp: in the furrows 
one or rarely Uvo rows of circular punctures about 5 to lOu diameter 

^ saucer-shaped depression 

about 15 to 30p long and separated by about 40 to 70p, each depression 
also containing a circular puncture about 3 to 5a diameter or an occa 
sional hair: mtervals. reticulately ridged the ridges enclosing remilnr nr 
somewhat elongated hexagonal areas about 10 to 30a lone and 10a 

sits. ~ VrStiSSi 
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beetle fragments from powdered vegetable drugs 
IS to 160.. reticulations more regnlurly ItmtaEonul to on the elytra, 

'00. to with 3 or 4 closely 

“Tl? ato» &om ihe tototi dcptessions. about 25 to 50. to. 
soSa. flattened. mul.iOd, with 5 to 10 

unequal in length; the base sometuncs elevated on a bun-shaped tubercle. 
Lyctus brvnneus Steph. 

Eh-tra: strial punctures 10 to 25u apart in parallel rows, narrow 

elliptical to slit-like about 5 to ISu long, with a ‘r"' 

closed in an oval or irregularly oblong area about 15 to 30.H long, in- 



F'g. 4. Calandra granana L. 

A Prothorax, fragment shotvmg hairs arising from the saucer-shaped depressions, 
with reuculately ridged intervals, x 200. B. Elytron, fragment from middle region 
showing two furrows, x 200 C Mandibles, x 80. D. Antenna, terminal and 
subterminal joints, x SO E. Blalta orientalis L. fragment showing reticulate 

ndgiag, X 200. 


tervals between the rows about 40 to 60tt broad with a single median 
row of setal scars about 5ii diameter and separated by about 20 to 40ti : 
surface smooth and impunctate. (Fig. 5.B,) 

Prothorax, head and other regions: coarsely punctate, punctures 
numerous, contiguous or separated by up to about 20fi, very shallow, 
circular 0 %'al or irregular about 20 to SOu diameter, each enclosina an 
eccentric setal scar; intervals smooth and impunctate. (Fia. 5.C.) 

Antennce: terminal joint rounded-conical about 160 by lOOu and 50u 
diameter at the base, surface sparsely finely hairy, subterminal joint some- 
times attached, obconical of simOar dimensions. (Fig, 5.D.) 
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Mandibles: biting edge about 50fi long with two prominent closely set 
teeth. (Fig. 5.A.) 

Hairs: setse, about 80 to 100(t long, slender and thin walled but other- 
wise similar to those of S. paniceum; clothing hairs lacking from the 
body. (Fig. 5.E.) 

Blatta orientalis L. 

Elytra lacking. All sclerites reticulately ridged, the ridges enclosing 
more or less regular hexagonal areas about 10 to 15[i long, some having 
a minute pore in one angle; setal scars, scattered at intervals of about 
70 to lOOji, each about 5 to 15|i diameter and sometimes surrounded by 
a circular unridged area. 

Setce, about 80 to lOOfi long, conical acuminate and thick-walled. 
Clothing hairs lacking. (Fig. 4.E.) 





Fig. 5. Lyctiis brunnem Steph. 

A. Biting edge of mandibles, x 80. B. Elytron, fragment from middle region. 
X 200. C. Prothorax, fragment showing coarse shallow punctures with enclosed 
setae or setal scars, x 200. D. Antenna, terminal and subterminal joints, x 80. 
E. Sets from elytron of whole insect, x 200. 

Summary 

1. A rapid and effective method of isolating insect fragments from 
powdered infested drugs is described. 

2. The method depends on solution of the crude fibre of the drug m 
acetic anhydride containing 10 per cent, v/v of concentrated sulphuric 
acid. 

3. The diagnostic microscopical characters of five of the more common 
beetle pests of drugs are described and illustrated. 

In conclusion I wish to express my thanks to Mr. W, D. Hmcks, 
M.P.S., F.R.E.S., of the Manchester Museum, for his assistance m con- 
firming the identity of the species described. 
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DISCUSSION 

The Chairman (Dr. Normaii Evers) said that many people who had 
to deal with foods had been disturbed by the stringent regulations intro- 
duced in the U.S.A. for the absence of insect fragments, rodents’ hairs, 
and so on, and he was afraid that few drugs in this countrj' would pass. 
Nevertheless, he felt that it might be necessary to have before long, on 
the basis of a method such as the author had described, some such 
requirements for drugs. 

Dr. T. E. Walus (London) said that many of these small beetles 
were quite difficult to distinguish when entire, and the difficulty was 
much greater in the powdered form, when examination of fine details 
of the~form and attachment of the seta: and hairs and fine markings 
on the exoskeleton was required. Dr. Melville’s work made it possible 
to distinguish, and frequently to name, the insects with which a powder 
was infested. He asked the author how far it was possible to see these 
insect particles in the crude fibre. 

Dr. D. C. Garratt (Nottingham) said that the quality of infestation 
was as important as the quantity. The American regulations applied to 
foodstuffs and spices, and it could not be long before they were extended 
to drugs. Kent-Jones and his co-workers in this country, in their work 
on cereals, had dealt with rodent hairs, but could not give any author- 
itative help on insect fragments. Dr. Melville’s paper would 1» of con- 
siderable value in that connection. He asked the author whether, in 
clearing for the detection of insect fragments, the rodent hairs would 
be lost; if so two separate methods of separation would be required. 

Mr. H. Deane (Long Melford) said that, in his own experience, moths 
were more troublesome than beetles in stored drugs owing to their 
greater rapidity of reproduction. Moths were softer than beetles, and 
fewer fragments would be left with this treatment. Had Dr. Melville 
done any work on that subject? 

Dr. J. M. Rowson (London) asked whether the possibility had been 
considered of extending the work from the qualitative to the quantitative 
field, also whether Dr. Melville considered that the B.P. requirement 
of complete absence of insect fragments, and also of animal matter 
and animal excreta, was too stringent. 


Mr. T. C. Denston (London) asked what drugs had proved to be 
unsatisfactory for exanunation by the flotation method. In view of 
the considerable use of one or other modification of this method in the 
U.S.A. he was a little surprised to find that it had been discarded. 

Mr. R. Maxivell Savage (London) drew attention to recent work on 
the separation of lice from animal skins. 

Mr. y. Reed (London) asked whether there was any easy wav of 
preventing the beetles from getting into the drugs. ^ 

(Dartford) asked which fraaments could be con- 
sidered most characteristic of infestation. How much of the beetle should 
be tana order to be sure ,ha, beelle infestarion had ataaSteS? 
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• reply, said that the detection' of the particles 

u 11 depended on the extent of the infestation and on the 

bulk of the crude fibre. In ginger he had been able to see the particles 
in the crude fibre, which was relatively small in amount, but with the 
rnore i^ified roots or some of the herb's he had not been able to see 
t e particles in the crude fibre, but had found them after extraction. 

od^t hairs would be lost by his method of clearing, because they 
womd be soluble in caustic soda, but it might be possible to apply the 
method directly to the drug without the preliminary clearing. He thought 
that then the rodent hairs would stand up to the acetolytic treatment, 
but a rather higher residue might be found, due to the non-cehulosic 
matter of the drug, which might not be dissolved under acetolysis. He 
fought, however, that it should be possible to find the rodent hairs. 
He hoped to undertake that problem when he had more time. He 
fed not yet done any work on moths, other than looking at the larvs. 
He imagined that the majority of moths would leave the drug after • 
they had laid their eggs, so that to detect infestation one would have 
to look for the larvm or larval skins which were cast when the larvae 
changed to moths. He had found larval skins, but he had confined the 
paper to beetles, because he hoped to do further work on the larvae of 
beetles and moths. He thought that a quantitative method could be 
worked out on the area of some segment such as the elytron. As most of 
these insects did not differ very greatly in weight, one could take the area 
of the elytron as being more or less a standard figure. He had always 
been doubtful about the B.P. requirements that drugs should be entirely 
free from insects because one could always find insects in powdered drugs. 
Hyoscyamus frequently contained insects which were not pests, but 
which were associated with the growing plant, and they would, of course, 
pass into the powder. Flotation methods were definitely unsatisfactory 
with herbs. At the interface of the two liquids one got a high percentage 
of the powdered herb, and it was very difficult to get complete separation. 

In any flotation method some insect fragments remained in the sediment 
of the drug and would not float to the surface at the interface. For 
the prevention of infestation, cleanliness in storage, the removal of all 
spillage and storage in suitable containers were important. On a small 
scale, to remove infestation the best treatment was with a mixture of 
carbon tetrachloride and ethylene dichloride, or carbon disulphide alone. 
About 1 fl. ounce of those liquids was sufficient to fumigate about 10 cu. ft. 
of storage space. It could be placed on a wad of cotton wool at the top of 
the container, and the vapour, being heavier than air, sank through the 
drugs and killed any pests which might be present. On a large scale, 
fumigation by hydrocyanic acid or methyl bromide or an ethylene oxide- 
carbon dioxide mixture was used. The most characteristic fragment for 
identification was the elytron. As to how much would be detectable, 

10 g. of a sample of nutmeg yielded by the process one beetle leg which 
was almost intact. 
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Part I 

By J. L. Forsdike and B. Johnson 

From The Analyiical Laboratory, Boots Pure DriiS Co., Ltd. 

ReceiNcd July 1, 1949 

During the war, and in the post-war years, a considerable quantity of 
henbane has been imported into this country from India, Amongst this 
material was some which differed in appearance and especially in micro- 
scopical characters from tj^iical Hyoscyainus uiger. This suggested the 
possibility that this henbane was derived from some other species of 
hyoscyamus and it was thought worth while to carry out some in- 
vestigation of hyoscyamus from India ; with a view to ascertaining its 
botanical origin and characters. As a result, it has become apparent 
that there are several types of henbane growing in India and Pakistan 
in addition to H. niger. These other types have, in the past, commonly 
been referred to the species H. reticiilatus, but they include plants whose 
habits are quite different from the typical form of this species and which, 
moreover, vary amongst themselves. It would appear, therefore, that 
there are a number of species of hyoscyamus growing wild in India, 
which might be collected as henbane. The question of the true botanical 
identity of these various species is still under consideration and it is 
hoped that more definite information will be available later. 

The present paper is devoted to a description of one such species of 
hyoscyamus wWch grows wild in the North-West Frontier Province. 
This plant differs in habit from H. niger chiefly in the shape of its leaves, 
which are broadly ovate and much less indented (Fig. 1 and 2, A). It 
is hoped, in subsequent communications, to describe some further species 
of hyoscyamus which grow wild in India. 

Material 

The follosving description is based on six dried specimens, numbered 
HI to H6, collected in Pakistan, in the area of the North-West Frontier 
Province, by Professor Qazilbash, of Islamia College, Peshawar, and on 
plants (H7) grown under glass at Lenton Experimental Station, Notting- 
ham, from seeds sent by Professor Qazilbash. 

For comparison, seven specimens of Hyoscyamus niger were used. 
These were ; — 

Nl. Collected at Chelsea Physic Garden, 1937. 

N2. Cultivated at Long Melford, 1948. 

N3. Cultivated at HitcMn, 1947. 

N4. Grown at Lenton, 1948. 

N5. Cultivated in the North-West Frontier Province, 1948 
■ of Ndpal, 

N7. Cultivated in India, supplied by the Divisional Forest Officer, 
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Microscopical Characters 

The plant is an erect, branching annual, 1 to 2 feet high. When dry, 
it has an odour resembling that of Hyoscyamus m'ger and a slightly 
bitter taste. 

Stem. Cylindrical and smooth in the fresh state, but when dry flattened, 
longitudinally striated and usually showing one or more longitudinal 
furrows ; light green, 2 to 5 mm. in diameter, slightly swollen at the 
nodes and clothed with white viscid hairs, up to 7 mm. long ; leaf scars 
alternate. The transversely cut surface shows the remains of the pith 
with a central hollow, this is surrounded by a whitish ring of radiate 
xylem and a narrow, green bark. 

Leaves. Ovate to oblong, 3 to 10 cm. long' and 1-5 to 5 cm. broad, 
the lower two or three with petioles about a quarter the length of the leaf, 
the higher ones sessile, the uppermost clasping the stem ; outline varying 
from entire to coarsely toothed, there being from 1 to 5 teeth on each 
side of the leaf, usually more on one side than on the other ; apex acute, 
base acute in the lower leaves, obtuse to cordate in the upper ; venation 
pinnate, with a broad midrib and 5 or 6 secondary veins on each side, 
which make wide angles with the midrib and terminate in the teet 
where these are present or, if teeth are lacking, anastomose near t e 
margin (Fig. 2, A). 

The surface is covered with long white trichomes and has a viscid fed, 
especially when fresh. The dried leaves are thin and brittle, usua y 
crumpled and broken ; they are yellowish to greyish green in colour, 
the uppermost sometimes with a purple tinge. 

Flowers. Typically solanaceous, the lower solitary in the awls of the 
leaves, the upper in a one-sided spike rolled back before flowering , 
about 20 mm. long with a pedicel 2 to 3 mm. long. Calyx urceolat , 
10 to 15 mm. long and 4 to 8 mm. wide, haying 5 lobey each with 
apical spine and 10 main veins ; green, very hairy and persistent, 
funnel-shaped, 15 to 20 mm. long and 15 to 20 mm. m lame er 
mouth, the 5 lobes rounded and slightly unequal, very thin, 
with very prominent purple veins. Androecium of 5 free stamen , > 

about S mm. and 3 short, 8 to 10 mm., attached 
corolla. Filaments very hairy in the lower half. 

black and dehiscing longitudinaUy. Ovary superior, .^"'^bout 
sistin<^ of 2 united carpels, smooth, cream-coloured, ^ . 

2 mm! in diameter ; it contains numerous ovules, G(2). 

tion. Style fiUform; stigma bilobed. ^ 

Fruit. An ovoid-oblong pyxis, 12 to 15 mm. long, j^joj-e 

by the calyx (Fig. 2, C). which becomes j/^hortly pointed 

coriaceous in texture after fertilisation, w ^ ,n,i’rniis seeds 
lobes protruding above the fruit, which contains ^.5 

Seeds. Reniform and flattened, I to 1 -5 n-”;: ■“ “““f finely 

thick ; immature seeds green, mature seeds hg surface of the 

reticulate, having 12 to 16 reticulations acros surfaces of the 

seed ; the walls of the reticulations corrugated and me 
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Fig 2 A 1 Whole leaves, upper surface, natural size. A.2. VS’hoIe leaves, lower 
surface natural size. B. Hroscramus niger leaf, natural size. C. Fruit x 4. 

’ ' D. Seed x 20. 

depressions rugose (Fig. 2, D). The seed has a single scar of attachment 
to the placenta on one side. The weight of 100 seeds isfl-OS to 0-07 
grammes. 

MtCROScopic.SkL Characters 

STEM. Epidennis. Londtudinal rows of tetra- to hexagonal, tabular 
cells, 75 to 400;i long, 70 to 155;r wide and 25 to 55/i high. Outer walls 
5 to 10/i thick, stratified and showing faint cuticular striations, parallel 
to the long axis of the stem ; inner walls also thickened ; anticlinal w'alls 
straight, thin, with occasional simple pits. Stomata rare, similar to those 
of the leaf, but l>ing at the same level as the epidermal cells. Trichomes 
similar to those of the leaf. Crystals absent. 

Cortex. Consist of one outermost layer of ordinary' parenchyma cells, 
containing chloroplasts ; about 5 layers of collenchyma, averaging 45fi 
radially, 60;i tangentially, and 200 to 500/x longitudinally, orcasional 
cells very elongated, resembling fibres ; about 4 layers of colourless 
parenchy'ma, showing intercellular spaces. 
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The endodermis consist of 2 layers of cylindrical cells with the axis 
directed longitudinally, containing starch grains 1 to 5 microns in 
diameter, mostly simple but occasionally 2 to 4 compound. All the 
cells of the cortex have cellulose walls. 

Pericycle. Consists of 1 or 2 layers of common parenchyma with, on 
the outside of the primary phloem, small groups of fibres, measuring 
10 to 20/i. radially, 25 to SO/x tangentially, and up to 5000/i longitudinally, 
with only slightly lignified walls. Fibres are lacking in the young stem. 

Phloem. Primary phloem endarch, in bundles made up of groups of 
sieve tubes and companion cells, embedded in phloem parenchyma. 
The secondary phloem forms a continuous ring. Sieve tubes 12 to 16g 
in diameter, transverse walls oblique, sieve plates and callus evident. 
Companion cells 3 to Ag. in diameter. All cells with cellulose walls. 

Cambium. Consists of 1 or 2 layers of very thin-walled cells, tetragonal 
in transverse section. Average dimensions, radial 4/t, tangential 12/i, 
longitudinal 60^. 

Xylem, Primaiy xylem endarch, in groups opposite the primary 
phloem ; the secondary xylem forming a continuous ring. Consists of 
annular, spiral, reticulate and pitted vessels, 15 to 75/i in diameter; 
wood parenchyma cells, usually 5-sided wtih pitted walls, averaging 15 y 
radially and 20/x tangentially and wood fibres, with obfique slit-shaped 
pits, about 2Qy in diameter. Medullary rays, uni- to triseriate, consisting 
of tangentially elongated pitted parenchyma cells. All elements of the 
xylem have lignified walls ; intercellular spaces absent. 

Piih. Consists of large, thin-walled parenchyma cells with cellulose 
walls and showing numerous intercellular spaces, which usually appear 
triangular in transverse section. At the periphery, a ring of phloem 
bundles, similar in structure to the normal phloem and having small 
groups of fibres, resembfing the pericylic fibres, on the inner side. 

LEAF. Upper epidermis. Epidermal cells of the interneural region 100 to 
200jx long by 50 to 100^ wide by 20 to 40y high, with sinuate anticlinal 
walls and a thin cuticle. Epidermal cells of the main veins straight-walled ■ 
and elongated in the direction of the vein, 150 to 400;^ long by 25 to 50g 
wide by 20 to 40g. high, (Fig. 3, B, ep. 1) the cells bearing the hairs are 
higher and wider than the normal epidermal cells and have rounded edges. 
Stomata 35 to 65/sq. mm., averaging 40 by 22y, lying slightly above the 
level of the epidermal cells and surrounded by 3 to 5 subsidiary cells, 
one of which is markedly smaller than the others. Stomata absent over 
the midrib and the primary veins. Covering trichomes numerous, conical, 
nniseriate, of 2 to 4 cells, 75 to 290/x long (Fig. 3, D, c). Glandular 
trichomes fairly numerous, especially on the veins, 450 to 150y long, 
with a uniseriate stalk of 2 to 6 cells, showing cuticular reticulations and 
a multicellular, glandular head (Fig. 3, D, gl). On the veins, in addition 
to the above types, are some very large trichomes, up to 7000y long 
and containing up to 12 cells ; the basal cells being 500 to 1400y long 
by 40 to 160/i wide ; the apical cell sometimes forming a rudimentary 

3 ^ y 7 * ^ 

Lower epidermis. (Fig. 3, A and B, ep. 2). Very similar to the upper, 
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but the stomata arc more numerous. 40 to 112/sq. mm. and slightly 
larger, 45 by 30^- The trichomes are also more numerous. 

Mesopbvll. On the upper side of the leaf, one row of palisade cells, 
containing chloroplasts ; ceUs averaging 85;t high by 20/t wide («?• 3, 

B, p) ; chloroplasts 2 to 4/i in diameter. There are large intercellular 

spaces, especially under the stomata. 

The spongy' mesophyll consists of 3 or 4 layers of more or less stellate 
cells, 24 to 30p in diameter, with large intercellular spaces (Fig. 3. B, sp). 
Idioblasts in the upper layer contain calcium oxalate crystals of three 
kinds : — 

(а) Tetragonal prisms (Fig. 3, F, pr.). 

(б) Cluster cry'Stals. These are commonly composed of a small 
number of prisms. A ty'pe consisting of single large prism with a 
number of smaller ones attached is of frequent occurrence (Fig. 3, 
F, cl.). 

(c) Microsphenoidal crystals. 

The prisms and clusters are 4 to 48ft long by 3 to 26fi wide. 

Midrib. There is 1 layer of collenchyraa on the upper surface and 
1 to 3 layers on the lower ; cells about 30/t in diameter and up to SOOft 
long. Wthin the coUenchyma is colourless parenchyma, about 10 layers 
on the upper and 4 on the under side, uith large intercellular spaces ; 
the cells sometimes containing crystals of calcium oxalate. Cells average 
60;i in diameter by 200 to 400fi long. Endodermis of 1 or 2 layers of 
cells wth slightly thickened cellulose walls, containing starch grains and 
chloroplasts. 

Meristele. In the form of an arc, made up of 8 to 10 simple, collateral 
vascular bundles separated by uni- or biseriate medullary rays. Xylem 
of 7 to 8 layers consisting of annular, spiral and reticulate vessels, 15 to 
24{i in diameter, embedded in xylem parenchyma ; all elements lignified. 
Phloem consisting of sieve tubes and companion cells, embedded in 
phloem parenchyma. Peiimedullary phloem, in groups corresponding 
roughly in number and position w-ith the vascular bundles, and in form 
similar to the bundle phloem, is also present. The pericycle consists of 
3 or 4 TOWS of somewhat thickened, fibre-hke cells, 10 to 25/j. in diameter 
and 200 to 300ft long, with cellulose walls. 


FLOW'ER. Calyx. Upper epidermis. The basal cells are rectangular, 
with straight anticlinal w'alls, 15 to 25/i long, 15 to 25ft wide and Is to 
25ft high. Upwards the cells become larger, 30 to 65ft long, 15 to 30ft 
wide and 15 to 25ft high, the walls become more sinuate and the shape 
irregular, except over the veins, where the rectangular shape is presers'ed. 
Towards the top the cells are again smaller. The epidermis has a cuticle 
about 4ft thick which, over the main veins, sometimes shows cuticular 
stnauons, running parallel with the direction of the vein. The stomata 
increase in number towards the top of the calyoc, w'here the number per 
sq. mm. is 80. Each stoma is surrounded by 3 subsidiary- cells. The 
tnchomes are ve^- numerous and similar to those of the leaf 
Lower epidermis. S^lar to the upper (Fie. 3 Q. 

Mesophyll. Consists of 4 to 6 layers of thin-waUed parenchyma cells. 
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containing chloroplasts ; cells more or less stellate in 
25ii. in diameter, with very large intetcellular spaces. Idioblasts lilled 
with microsphenoidal crystals of calcium oxalate fairly numerous to- 
wards the base of the calyx only ; prisms and cluster crystals absent. 
Meristeks. These are similar to the meristeles of the leaf. 

Corolla. Upper epidermis. At the base, the epidermal cells arc 
elongated and rectangular in shape, 35 to 90 m longj by 15 to SO/t wide 
by about 20^ high ; the anticlinal walls are slightly wavy and the outer 
walls have a fairly thin, striated cuticle. Towards the apex, the cells 
become smaller and the anticlinal walls siiluate. Stomata very rare , 
trichom.es absent. Lower epidermis. Cells similar in shape to those of 
the upper epidermis, but slightly larger. Trichomes present, of two 
kinds ; — (a) Short, conical, covering trichomes, 1 to 4 cells long. Glan- 
dular trichomes, almost confined to the veins in the lower part of the 
corolla ; they have a 1- or 2-celIed stalk and a well-developed multi- 
cellular glandular head. 

Mesophyll. Consists of 4 or 5 layers of spongy parenchyma. Cells 
stellate, with large intercellular spaces. 

Stamen. Filament. Epidermal cells elongated-rectangular with straight 
walls ; no stomata. Trichomes of 3 kinds are present : — {a) With a 
uniseriate stalk and a multicellular glandular head, (h) Covering tri- 
chomes, similar to those of the leaf, (c) Capitate trichomes, having a 
long apical cell. The mesophyll consists of about 5 layers of thin-walled 
parenchyma cells, with a central vascular strand containing lignified 
spiral vessels. 

Anther. Epidermis of irregular cells with a few stomata. Mesophyll 
of ordinary parenchyma cells with fairly large intercellular spaces. The 
meristeles consist entirely of xylem, which contains lignified spiral vessels. 
There is a fibrous layer of 2 to 3 layers of cells, near the connective. 

Pollen. The pollen grains have 3 pores and an irregularly pitted exine, 
diameter 45 to 55;x ; diameter of pores 10 to 15^t. 

Pistil. Ovary. The epidermal cells of both surfaces are tetragonal, 
stomata rare. The mesophyll consists of about 10 layers of closely packed 
parenchyma cells, without intercellular spaces. The meristeles consist 
wholly of xylem, made up of spiral vessels, the walls of which are in- 
completely fignified. 

Septwn and Placenta. Epidermis similar to that of the ovary wall ; 
mesophyll of spongy parenchyma with large intercellular spaces. 

FRUIT. Pericarp. Outer epidermis. More or less tetragonal, tabular 

n high ; anticlinal 

walls thin and slightly wavy, outer walls with a very thin cuticle 
Inchomes absent. 


mie’rnLratiaimna oneaf™C Transverse section i 


667 



J. L. FORSDIKE AND B. JOHNSON 


Inner epidermis. Tabular cells, 75 to 130/x long, 20 to 40p wide and 
20 to 26/i high, anticlinal walls thin and wavy. 

Mesophyll. Thin-walled, stellate cells, 13 to 26p. in diameter and 40 
to 15fx long, with large intercellular spaces. Contains numerous vascular 
strands, each consisting of 1 to 3 spiral vessels, 4 to 12ft in diameter, 
with lignified walls. The parenchyma cells are filled with starch ^ains, 
polyhedral to subspherical in shape, 2 to lO/t in diameter, mostly simple, 
but including occasional compound grains of 2 to 4 components. 

Septum and Placentce. Epidermis similar to the inner epidermis of 
the pericarp ; mesophyll of thin-walled, stellate parenchyma, 30 to 60/i 
in diameter and 75 to 200/t long, containing starch similar to that in the 


pericarp. 

Quantitative Data 

Palisade ratio. The palisade ratio of the material under examination 
is from 4-25 to 5-5. This range is exactly the same as that found for 


H. niger. 

Stomatal index. The range of stomatal index of the upper surface 
was from 19-2 to 24-0 and of the lower surface from 18-7 to 26-0. These 
figures compare with values of 21-0 to 22*5 for the upper surface o 
niger and 22-1 to' 24-8 for the lower surface given by Rowson. 

Vein-islet number. The vein-islet numbers found for the species in- 
vestigated ranged from 4-5 to 15-5 ; the range for H. niger was o 

Calcium oxalate crystals. The prisms and cluster crystals in our un 
named species were, in general, larger than those of H. niger an 
feature provides the best means of distinguishing the two species wh 
broken or in the form of powder. In Table I are shown the ranges oi 
sizes of the crystals in all the specimens examined and also the percenu g 
of crystals in each sample which exceeded ISp in length. 


TABLE I 


Specimen 


Dimensions of calciu m oxalate crystals 

size Number Number 

less greater 

- ihan 

Minimum 4 Maximum m 25 ^a long 25/4 ong 


percentage 

greater 

than 

25/1 long 
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These figures were hy examination of powders, prepared 

from representative samples of the specimens. It v.’as observed that, in 
both species, the size of the cr)'stals varied markedly from leaf to leaf, 
one leaf containing larg^ crystals and another smaller ones uhilc, from 
some leaves, crj'stals were entirely absent. It is thus clear that no reliance, 
from this point of vie\v, can be placed on the examination of single 
leaves, but, by examining representative samples of powders it was found 
that, while’ the crystals of H. inger never exceeded ~ib{i in length, and 
except in one specimen, did not exceed 32;i, all specimens of the Indian 
material contained crj'stals up to 40/i long and some up to 48/i. More- 
over, the percentage of cr>'stals exceeding 25n in H. niger was never 
greater than 10 and averaged only about 5, while in the Indian material 
it ranged from 23-6 to 38-0 per cent. 

Alkaloid contents. The content of total alkaloids, calculated as hyos- 
cyamine, of the 6 samples, H 1 to H6, grown in India, are shown in Table II. 
These were determined by the method of the British Pharmacopceia for 
Hyoscyamus. 

TABLE U 
Alkaloid consents 




Total alkaloids, 
as 

Hyosc}atnine 


Specimen 

Total alkaloids, 
as 

H>osc> amine 

H.l 

H.2 

H.3 



per cent. 

0-038 

0-038 

0-031 

H.4 . 
H.5 . 
H.6 . 

::: 

per cent. 
0-034 

0-046 

0-05S 


Ash values. In Table UI are shown the results of determinations of 
total and acid-insoluble ash, by the methods of the B.P., on the material 
under investigntion and tine amnunVs n? ash soiuhie in dilute hydro- 
chloric acid, obtained by difference. 

The new material thus has a soluble ash ranging from 15-7 to 18-3 
per cent. This quantity is distinctly higher than is normally found in 

TABLE m 
Ash values 
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H. niger grown in England. The 3 samples of H, niger obtained from 
India, however, had soluble ash up to or above this range. 

Germination 

Hyoscyamus seed is known to be difficult and erratic in germination. 
For this reason a germination test was carried out on the Indian seed. 
Three methods of preliminary treatment were tried : — (a) The seed was 
placed in the refrigerator, at approximately 5°C., overnight ; (b) The seed 
was soaked in a solution of hydrogen peroxide, approximately 2 per cent, 
w/v, for 18 to 24 hours. This method of treatment was suggested for 
belladonna seed by Sievers^ ; (c) The seed was soaked in concentrated 
sulphuric acid for 2^ minutes and then washed with water. This method 
is recommended by Newcomb and Haynes®. 

The seeds so treated, together with untreated seed (d) were sown in 
pans on 30th July, 1948, Fifty seeds were put in each pan and 2 pans 
were sown with each type of seed. John Innes Seed Compost was use 
and the pans placed in the greenhouse. Counts were made after 1 an 
17 days. 

The results are recorded in Table IV. 


TABLE IV 



Germination of Indian 

HENBANE 

SEED 

' 


Pan ' 1st Count 

2nd Count 

Average of 
Two Pans 
2nd Count 

Germination 





per cent. 

A. 1 

2 

;;; ;;; ... i 

2 

3 

25 

5 

A. 2 



52 

B, I 

B. 2 

35 

;;; ;;; ;;; ... 9 

40 

12 

26 0 

C. 1 

::: ::: 1 ' 

2 

I 

1.5 

3 

a 2 





3 

5 

40 

8 

P. 1 

... ••• ••• j 

3 



D. 2 






The results show that ffie WoTrStments! 

marked effect in stimulating genmnation. The oth 

that with sulphuric acid and ^ J/ '^s regards the 

germination to that obtained with the untreated seed. ^ ^ 

sffi^huric acid.treatment, this confirms the XSphuic^cS war of 
belladonna seed. He st^t^t^hat treatment with ^ 

little use. It is probable th^ f ®nr3^Mmcalfe* found refrigeration 
experiment was too short Melville and Metcaffe^^ou 

olTm iTdays. hoped to try their method with hyo- 

Th“:lams^:l^the fiowering stage 

werethengatheredandeitherdriedorpreservedmalcoholtor 
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SUMNtAUY 

1. A type of hyoscyamus growing wild in India is described. The 
species to which this plant should be referred has not yet been determined. 

2. This plant may be distinguished from H. niger, when unground, 
by the shape of the leaves, which are ovate to oblong and much less 
indented. The powder is distinguishable because the calcium oxalate 
crystals present are larger than those in H. niger ; the presence of any 
calcium oxalate crystals exceeding 35ji. long, or of more than 10 per cent, 
exceeding 25 p may be taken as indicating something other than true 
Hyoscyamus niger. 

3. The total alkaloid contents of the specimens examined were, 
except in one case, less than the minimum required by the British Pharma- 
copceia for Hyoscyamus. 

4. The acid-soluble ash was greater than that usually found in H. niger 
grown in England, but about equal to that found in H. niger from India. 

5. A report of a germination test on the seeds is given. It was found 
that soaking the seeds for 18 to 24 hours in 2 per cent, w/v solution of 
hydrogen peroxide before sowing gave the best results. 

Our thanks are due to Professor Qazilbash, of Islamia College, Peshawar 
and to Mr. K. C. Chateijee, of Boots Pure Drug Company (India), Ltd., 
for the provision of material ; to Mr. A. W. Billitt, of Lenton Experi- 
mental Station, Nottingham, for carrying out the germination test and 
for growing the plants ; to Dr. R. Melville, of the Royal Botanic Gardens, 
Kew, for information ; and to Mr. H. O. Meek, for helpful criticism. 
We are indebted to the Directors of Boots Pure Drug Company, for 
permission to publish this paper. 
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DISCUSSION 

Miss B. Johnson read a summary of the paper. 

Dr. T. E. Wallis (London) said that the authors seemed to indicate 
that this plant was different from Hyoscyamus niger or the other known 
species of Hyoscyamus, but he hoped they would be very careful in 
future work on the same material in deciding that it really was some- 
thing different. Experience with plants in general showed to what an 
enormous extent details of structure varied in the same plant The 
most extraordinary differences in the leaves of plants known to be of the 
same species might be found. He thought the shape of the calcium 
oxalate crystals was more important than their size. It was known that 
the size of crystals m henbane and similar plants varied enormously 
Unless a careful review was made of their size, one mwht arrive at an 

mSbeUe:?''- ---bled annual henbme andTt 

nil^r^ ^ compared with henbane generally than with Hyoscyamus 

Dr. j. M. Rowson (London) said that he had been interested in the 
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remarks on the action of hydrogen peroxide on the germination of seeds. 
He had himself had some experience of the erratic nature of the germina- 
tion of Hyoscyamits seeds. He also was sceptical as to whether this was a 
different species of Hyoscyamits. He had grown annual henbane for the 
last ten years, with the same strain of seed and it was amazing to note the 
variation which occurred. He could produce leaves identical with those 
figured in the paper, broadly ovate, or with just one marginal tooth. He 
did not think there was any difference in that respect, nor was there much 
difference in the crystal sizes and total ash. The low alkaloidal content 
was not of great significance. The alkaloidal content of Hyoscyamus 
varied greatly with the environment in which it was cultivated, and it was 
possible that here they had poor cultivation. If the authors had details 
of the alkaloidal content of the Nottingham-grown material, it would be 
interesting to see how that compared with the Indian samples. 

Dr. W. Mitchell (London) asked if there had been any attempt to 
characterise the alkaloids. It would be interesting to know whether 
they differed from those of normal Hyoscyamus. 

Mr. a. R. G. Chamings (Horsham) said that, in the cultivation of 
belladonna in Leicestershire, he had found that successive refrigeration of 
the seed was much better than a single refrigeration. 

Dr. C. Melville (Manchester) said that the use of calcium oxalate 
crystal determinations for identification purposes was interesting, 
and this could be extended. The illustration of the trichomes from 
the leaf gave the impression that the head of the gland was 
relatively simple, composed of not more than eight or ten cells. In 
Hyoscyamus niger the gland often contained upwards of twenty cells, 
with frequently two cells at the apex, one of which extended or projected 
beyond its companion; so that if the glands on this Hyoscyamus were 
relatively simple, it might prove a characteristic for differentiating it from 
Hyoscyamus niger. 

Dr. G. E. Foster (Dartford) asked whether the authors had investi- 
gated the volatile alkadoidal content of the drug. 

Miss Johnson said that they would give further consideration to the 
suggestion that the plant was possibly a variation of annual henbane. 
The amount of material had been so small that it had been impossible to 
do anything more than the ordinary alkaloidal determination and the 
volatOe alkaloids had not been determined. Regarding germination, they 
had stored their seeds in the refrigerator overnight at 5°C. and as steted, 
that had given very poor results. Since the paper had been written, 
they had tried longer periods of refrigeration. They would now try 
successive periods. Unfortunately, they had not yet had any reports on 
the effect of longer refrigeration. 

Mr. Forsdike said they had consulted authorities in this country 
and in India, and were satisfied that their material represented a species 
different from Hyoscyamus niger: it was hoped before next year to give 
it a definite botanical name. They had found in commercial material, 
during the war in particular, a henbane which differed m a number ot 
ways from the typical Hyoscyamus niger, and they were sure that more 
than one species of Hyoscyamus was represented. 
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the biological assay of vegetable purgatives 

Part I.— Senna Leaf and Fruit and Their Preparations 
By T. C. Lou 

From the Phanmcasnosy Research Laboratory. School of Pharmacy. 
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Introduction 

As part of a general investigation on the vegetable purgatives containing 
anthracene derivatives, I was asked in 1947 to carry out biological assays 
of several of these drugs and their preparations. Several biological 
methods of assay have been described and reviewed by Munch’'^ and 
Viehoever-. More recently, Loewe^ used rhesus monkeys and claimed 
that his method is applicable to many types of laxatives. Straub and 
Gebhardt* used white mice and determined the minimum effective dose 
(hlE) of senna infusions. The potency was expressed as the number of 
such doses per ml. of the infusion. Geiger^ adopted a similar method but 
instead of using animal units the use of a standard (a 5 per cent, infusion 
of senna leaf) was introduced. The potency of a test preparation was 
compared with the standard by comparing the percentage of mice which 
produce positive response. Later, Hazleton et introduced the term 
T.C.D. (Threshold Cathartic Dose—i.e, the dose which produces catharsis 
in approximately 50 per cent, of the mice), and Grote and Woods" intro- 
duced the use of powdered senna leaf as their standard of reference. 
Collier et al.^° further modified the method by using the ratio of the 
number of unformed freces (UFF) to the number of total feces (TF) as 
the criterion of purgative activity. 

The most promising method seemed to be that of Geiger as modified 
by others, since mice are convenient to handle and require only small 
amount of test material; this last point is particularly important when 
only small quantities of pure compounds are available for assay. 
Accordingly, work was commenced in 1947 on the basis of their methods; 


but experience soon showed that improvements were necessary for the 
following reasons: (a) the handling of large number of frog-jars or 
beakers used as mouse containers during test is inconvenient; (b) droplets 
of water occasionally appeared on the inside of the jars, indicating a 
high humidity due to bad ventilation; (c) it is impossible to use water- 
bulbs with the jars and previous workers have withheld drinking water 
during test, but this seems undesirable, since water plays a large part in 
purgation; (d) my experience showed that increase in dose of purgative 
produced a corresponding increase in the number of wet (or unformed) 
freces (i.e. those which differ from the normal dry ones in being round 
and pasty and leaving a brown stain when placed on blotting paper). It 
appears therefore that a method based on a quantitative response rather 
than the qualitative (“all or none”) type used by Geiger and others 

rSi f Corner- apparently had a similar ide^ 

as he determined the ratio of UFF/TF and used this value as a criterion 
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of purgative activity. This method, however, is tedious as it involves 
counting a very large number of freces in each test. 

To overcome these defects, (a) special cages were devised to avoid the 
use of large number of frog-jars or beakers, (b) a definite proportion of 
water was added to the feeds during test, and (c) counts of wet faeces 
only were used as criteria of activity. The resulting method’described 
in this paper is not only free from the defects already mentioned, but is 
more convenient in use and gives results of a 'comparatively high degree 
of accuracy. Furthermore, this method has been found applicable to 
other purgatives apart from senna; Hazleton et al.' report that their 
method is unsuitable for cascara and aloes. 

General Experimental Details 

1. The Standard. It was decided to use the powdered crude drug as 
standard, wherever possible, rather than infusions, because infusions may 
not contain the entire activity. Moreover, owing to the unavoidable varia- 
tion in preparation, successive infusions may vary in potency. According 
to Collier^®, an infusion made from 5 to 6 mg. of senna fruit (0-24 g./kg- 
body-weight) produced no response; I have found that the same dose of 
senna fruit given directly always produce marked response. While this 
may be due to my sample of senna fruit being highly active, it may also 
be due to the fact that the infusion (as made by poUier) does not contain 
aU the activity. The standard, in powdered form, is kept in evacuated 
glass bottles in a refrigerator. To prepare a standard suspension for 
administration, a weighed amount of the powder is triturated in a moxiax 
with a small quantity of boiling distilled water and made up to volume 
in a measuring cylinder with cold distilled water. For a mouse of 20 g. 
body-weight, a dose of 0-5 ml. is suitable. 

2. Design of the Cages. The cage as shown in Figure 1 is 15 inches 
long, 9 inches wide, and 6 inches high. It is divided into 10 compart- 
ments with tinned plates. The outer walls were made of “ window sub- 
stitute ” (wire gauze impregnated with transparent plastic). Each com- 
partment has a food container made of tinned plate; these containers 
were connected in pairs by a D'Shaped handle which hangs over the wall 
dividing two compartments. The floor and ceiling consist of loose 
(detachable) grids made of galvanised wire with a mesh of 1 cm. by I cm. 
Six feet are provided at the edges of each of these grids so that the bottom 
grid is raised about 1 inch from the table on which a sheet of white 
blotting paper is provided to receive the feces. The advantages of tms 
cage are (a) good ventilation is obtained, (b) the inconvenience of using 
a large number of jars is avoided and (c) the bottom grid can be easily 
removed (either for inspection of the adhering feces or for washing) by 
inverting the cage; the top grid wUl now serve as a floor. 

3. The Test Animal and Diet. White albino mice weighing not less 
than 18 g. are used in all tests. Owing to the variation in respoi^ of the 
sexes mentioned by Hazleton et al.^, male mice only are used.^ 
housed in metal cages and fed with rat-cubes (Diet 41 supplied by the 
Associated London Flour Millers Ltd.). In addition, each mouse receives 
an unrestricted supply of fresh tap-water; green vegetables are given over 
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the week-ends only, thus avoiding the possible interference with the test 
during the week. The animals, if in good condition, can be used 
repeatedly after a resting period of not less than 1 week. 

4. The Test. All food and water are withdrawn from the mice early 
in the morning and the animals are put singly or in pairs into each com- 
partment of the cage. After 2 or 3 hours, the feces. are examined and 
any mouse having soft or wet fseces is discarded. The mice are then 
weighed to the neatest gramme and the weights recorded. They are 
evenly divided into 4 groups each of 10 mice. As will be shown, later, it is 
necessary to give two dose-levels each of the standard preparation and the 
test preparation for every assay. The dose is given into the oesophagus 
of the animal by means of a blunted needle attached to a 1 ml.-syringe. 
After dosing, the animals are kept under observation for at least 12 
hours. 

During this testing period, a special food made by mixing 10 parts of 
powdered rat-cubes and 7 parts of fresh tap-water is supplied in the food 
containers. This moist food has several advantages: it allows the animals 
a uniform intake of water in proportion to the diet; it ensures the normal 
working of the alimentary canal during the 12 hours of test; it, unlike the 
dry rat-cubes, when scattered during feeding, does not absorb water from 
the wet feces. Moreover, the inconvenience of using a large number 
of water-bulbs is avoided. 

Purgation is indicated by the excretion of wet feces which are recog- 
nised by their somewhat rounded shape and the presence of a brown 
stain surrounding each on the blotting paper. They can be easily distin- 
guished from the normal dry feces which are elongated in shape and do 
not stain the paper. Counting of the wet faces is usually started from 
the second hour after dosing and repeated every hours until the fifth 
or sixth hour. The final counting is done early in the following morning. 


Relation Between Dose and Response 

One would expect that an increase in the dose of purgative would result 
in an increase in the number of wet feces produced; in other words, 
the response evoked by purgatives is "quantitative” rather than the 
‘all or none” type such as that evoked by digitalis where the animal 


TABLE I 

Numbers or wet f^cbs produced by groups each of 10 >ncE 


Expenment No 

of 10 Mice 

! Dose 

! *ng/kg 

1 Number of WF 
per Group j 

i Number of WF 
per kg. of Mouse 

30 1 ;^0 

24S 

198 

233 

^ 280 

1 350 

, 840 

1 1050 

— -1 

8 ! 
15 

25 

34 

38 1 

61-2 

126 3 
! 146 0 
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either lives or dies. The following experiments were designed to prove 
this assumption and to investigate the relation, if any, between dose and 
response. 

4 graded doses of powdered senna leaf suspended in distilled water 
were given to 4 groups each of 10 mice and the number of wet freces (WF) 
produced by each group was recorded as shown in Table I. 

Table I clearly shows that an increase in dose produced an increase in 
the number of wet faeces. To determine the relation between the dose and 
response, graphs were constructed to illustrate the relation of response 
to (a) dose (Fig. 2) and (b) logarithm of the dose (Fig. 3). To eliminate 



Dose (mg. per kg. of mouse) 

Fig. 2. — Relation of response to dose. 

the variatton in body-weight of dilierant groups fS' 

was expressed as number of wet faeces per kg. of mouse. These g P 
show that the relation response/log. dose is percents 

dose is not so. This conclusion was conhrm^ lO^iice; 

(using the same sample of senna leaf as above) mvolv g j j ^ 
he rLponses of groups of mice were averaged for 
the resGlts are shown graphically in Fig. 4. It can be clearly seen that tn 

response is proportional to the log. ^“e. , » i.-nes representing ' 

In Fig. 3, it will be noted that the log. dose/respons 
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the same dose-levels given on different days are almost parallel. Though 
most subsequent experiments resulted in lines of similar slope tliis was 
not invariabley true. Hence, it is necessary always to give two dose- 
levels each of the test and of the standard for every assay, so that the 
slope of the log. dose /response line for that particular day can be deter- 
mined. Furthermore, if the distance between the lines of response is 
unusually great or the slopes of the log dose/response lines of Ae stan- 
dard and the test given on the same day differ to a great extent, one may 
suspect that either the choice of the dose-levels is unsuitable or the nature 
of the response is different due to different types of active constituents 
present in the standard and the tesL or that the distribution of mice is 
uneven. It may be necessary, therefore, to repeat the test after due con- 
sideration. 
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Logarithm of the dose (mg. per kg. of mouse) 

Fig. 4. The average response /log. dose line. The figures indicate the number of 

mice used. 

Example of the Method : Assay of Dry Extract of Senna 

A sample of dry extract of senna (E2) made in this laboratory was 
compared with the laboratory standard sample of senna fruit (Ps) from 
which the extract was made, by testing them on 4 groups each of 10 
mice. In Table II are given the details of the test. 

TABLE n 


Biological assay of E2 (Experiment No. 68) 



Body-weight 
of 10 Mice 

Dose 

rog./lcg. 

1 Number ofWF 
per Group of Mice 

Number of >VjF 
per kg. of Mouse 

Ps 

g* 

197 

350 

' 21 

106 7 

Ps 

186 

1050 

47 

252 7 

E2 

190 

150 

28 

147 4 

E2 

185 

450 

51 

275 7 


(Calculation : (At length to demonstrate the principle involved). 
Tripling the dose of Ps caused an increase of 146 0 WF/kg. 

Tripling the dose of E2 caused an increase of 128-^ 
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Mean e§ea of tripling the dose 

Mean eSect o£ the tn-o doses o£ Ps 

Mean egect of the two doses of E2 

Di§erence between the mean effects of Ps and E2 


=137 -15 
= 179-7 
=211-55 
=31-85 


Since the number of u-et fseces per kg. of mouse is proportional 


to the 


logarithm of the dose 

137-15 31-85 137-15 log. 3 

QI* = - 

log. 3 log. r 31-85 log. r 

where r is the ratio of the potenc}' of the doses of Ps and E2. 


Hence log. r = 0-1109 

and r = 1-291 

potency of 150 mg. E2 ^ ^.291 
potency of 350 mg. Ps. 

Potency of 1 g. E2=potency of 3 g. Ps. 
i.e. the extract E2 possesses three times the purgative activity of the same 
weight of the standard senna fruit from which it was made. 


Accuracy of the Method 


In order to determine the accuracy obtainable by the method, doses of 
a laboratory standard of powdered senna leaf were given to 4 groups 
(1, 2, 3, 4) each of 10 mice on 9 digerent occasions. 2 of the 4 groups 
U and 3) each received 3 times the dose given to the other 2 groups (2 
and 4). The responses of each of the 4 groups were noted. The 
responses of 1 high-level dose and 1 low-level dose (say groups 1 and 2 ) 
w'ere taken to represent a potency of 100 , the potency of the remaining 
two (groups 3 and 4) was calculated. This process was repeated by 
rearranging the groups so that the responses of groups 1 and 4 were taken 
to represent a potency of 100 , and the potency of the groups 2 and 3 was 
calculated as before; hence, one sin^e “ assay ” yielded two results. 
Altogether 18 such results were obtained and are recorded in Table HI. 
The mean (M) of these 18 results was 99-44 with a standard deviation (<r) 
of 15-626 (or 15 714 per cent of the mean). Limits of error (P=0-99) 
for a single assay are therefore 100 :±: 40-5 per cenL 
Calculation : 


1789-94 
18 


= 99-44. 


: Sd= 4150-832. 


Mean potency of B calculated = 

Sum of squares of deviations from the mean 
Stan dard dev iation of a single determination 
_ /4150-832 15 626 

^ ~ or X 100 = 15-714 per cent. 


Comparison of Acxthiact wtth that of Other Methods 
Prewous workers used rats^^.^^ guinea pias», daphnia= etc for the 
evaluation of purgative activity but none of them Lve aW indication 

“"> 5 . who ohtamed Ms SeSs S 

icy of only 20 to 50 per cent. Loewe^ using rhesus 
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TABLE nr 

Estimation of the accuracy of the method 


Experiment No. 

1 

Group of 1 
Mice 

[ Number of 

1 WF/kg, 

of Mouse 

1 1 

I Potency of B 

1 calculated 

1 (A — 100) 

Deviation from 
the Mean 
d 

d- 

30a 1 


i 

n 

1 1 

126*3 







33-5 1 

108-93 

9-49 

90-0601 



n • 

136-6 1 






L4 

38-1 




b 


n 

126-3 



1 



|4 

38-1 

103-39 

3-95 

15-6025 



(■3 

136-6 






L2 

33-5 




31a { 


'1 

130-4 






.2 

54-5 

105*62 

6-18 1 

38-1924 




135-8 


I 




56-8 




b 1 

aJ 

'1 

130*4 



8-1225 



,4 

56-8 

102-29 

2-85 


ft / 

'3 

135-8 




1 


^2 

54-5 





32a 


b 


33a 


(' 

i 

I 

i 

1 



173-0 

82-0 

187-3 

43-1 

187-3 

82-0 

173-0 

43-1 

146-6 

65-4 

139-8 

57-9 


89-15 


78-00 


90-88 


10-29 I 105-8841 

I 

I 

21-44 I 459-6736 

I 

I 

i 

8-56 i 73-2736 


b 


34a 


b 


35a 


b 


37a 


b 


38a 



146-6 

57-9 100-54 

139-8 
65-4 


I-IO 


1-2100 



99-2 
41 -.7 
82-7 
25-0 


72-91 


26-53 


703-8409 



99-2 I „ 

25-0 100-19 0-75 0-5625 

82-7 

41-7 ' 



76-2 

31-3 

86-2 

26-2 

76-2 

26-2 

86-2 

31-3 


119-5 

42-9 

109-4 

53-6 


105-30 

117-52 

100-50 


5-86 

18-08 

1-06 


j 34-3396 

1 

I 

I 

I 326-8864 

I 

1 1-1236 



109-4 
42-9 t 

119-5 I 

53-6 I 



46-0 

20-0 

72-5 

4-9 


114-32 


19-38 


375-5844 


14.88 221 -4144 
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i 

Expcnmem No. 

1 Group of 

1 Mice 

Number of 
WF/kg 
of Mouse 

Poicnc>' of B 
calculated 
(A — 100) 

t De%iation from \ 
the Mean i 
d I 

d* 

b 


72-5 

20 0 

46-0 

4*9 

1 

61 -35 

1 

1 

38*09 

1 

1450-8481 

39a 

. a{\ 

123-3 

22-1 

142-3 

27 2 

1 

112-97 

1 

13-53 

1 

, IB3’0609 

1 

b 

A-; 2 

HI 

123-3 

27 2 

142 3 
22-1 

107-26 

i 

7-82 

1 61-1524 

1 

Totals 



nE9 94 

t 

\ 

) 4150 S32Q 

1 _ . . 


monkey as test animal claimed an accuracy of ±; 15 per cent., however 
there is neither data nor statement as to how many rnonkeys are needed 
to achieve this accuracy. 

Geiger’s original method^ involved the use of 72 mice per single assay; 
however, insufficient data is available to calculate the accuracy obtain- 
able. Moreover, hrs method was improved by Grote and Woods who 
used 105 mice per single assay. Again, however, no figure for the degree 
of accuracy was given. This omission from the published methods of 
bioassay is a serious one, especially in view of the large number of mice 
used in each assay. 

Collier^® states that the standard deviation of his method is usually 
about 20 per cent, with a slope (b) of log. dose/response line of about 
80 pet cent, (b^/s- = 16), The limits of error (P = 0-99) of each assay 
using 40 mice calculated from the formula quoted by him would be 63 
and 160 per cent. However, when a ratio of b-/s- = 30 is obtained, as 
he states occasionally occurred, the limits of error using 40 mice would be 
71 and 141 per cent. As already stated the limits of error of the method 
described in this paper (P = 0-99) are 100 ± 40-5 per cent,, which on 
the whole is a higher accuracy than that of Collier’s method. 

Applications op the Method 

The method was found very satisfactory when used to assay senna 
leaf, senna fruit and extracts and commercial preparations made from 
these drugs, also the pure glycosides, sennosides A and B, and the pure 
anthracene compounds, aloe-emodin and aloe-emodin anthranol. The 
method was further applied to cascara, rhubarb and to preparations of 
these drugs also with satisfactory results, although in some instances 
slight modification is necessary. It is hoped to publish det^s of these 
investigations later. 

The results of many of these assays are incorporated in the paper of 
Dr. J. w. Fairbaim”. 


Summary 

1. A method for the biological assay of vegetable pureatives based on 
detcXd ' produced by groups of mice'' after dosing is 
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2. The relation of the number of wet faeces per kg. of mouse to the 
logarithm of the dose was found to be linear. 

3. 40 mice divided equally into 4 groups were used in each assay. 
2 groups received the standard preparation and the other 2 groups 
received the test preparation. The standard deviation of a single deter- 
mination based on 9 such assays was estimated to be 1-5-7 per cent. 
The limits of error (P=0-99) for a single assay are 100rfc40‘5 per cent. 

4. A special cage has been designed for this assay, and it has been 
found advantageous to incorporate a definite proportion of water in 
the diet, during test. 

5. The method described is not only convenient in use but also gives 
a comparatively high degree of accuracy. 

6. The method has been successfully applied to senna leaf, senna fruit 
and extracts and commercial preparations made from these drugs, pure 
glycosides (sennosides A and B), and pure anthracene compounds (aloe- 
emodin and aloe-emodin anthranol). 
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THE ACTIVE CONSTTITJENTS OF THE VEGETABLE 
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Part I. Glycosides and Aglycones 
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The following are the common vegetable drugs containing anthracene 
derivatives ; Senna, leaf and pod (Cassia acutifolia and C. aiigi/stifofia) ; 
Cassia pulp (Cassia fistula) ; Cascara sagrada (Rfiammts purshiaiia) ; 
Frangula (R. fraagitla) ; Rhubarb (Rheum spp.) and Aloes (Aloe spp.). 
These drugs act as irritant purgatives and all respond to the Borntrager 
tesP or suitable modifications-*® by means of which the anthracene 
derivatives are converted into free anthraquinone compounds which give 
pink to red colours in alkaline solution. 


Anthracene Dertv'ativbs 

The anthracene derivatives occur either free or in the form of glycosides, 
usually with glucose, though glucofrangulin also contains the sugar 
rhamnose^. The following aglycones have been reported : — 

(1) Anthraquiiioue compounds, e.g. emodin, aloe-emodin, rhein. 
These compounds occur in all the drugs mentioned above, sometimes in 
very small amounts as in aloes* and in senna leap and sometimes in 
quite large amounts as in cascara® and rhubarb," 

(2) Atuhranol compounds. Anthranol (and its tautomeric isomer 
anthrone) is a reduced form of anthraquinone as shown 


o 


OH 


O 


/VV\ /w\ 


\/\/\/ 

ii 

o 

anthraquinone. 


\/\/\/ 

H 

anthranol. 


H, 

anthrone. 


Hydroxy derivatives of anthranol and anthrone, corresponding to those 
of anthraquinone, occur frequently in these purgative drugs, e.g. aloe 
emodin anthranol in aloes.® 

(3) Oxaiuhrone compounds. These are intermediate bettveen 
anthraquinones and anthranols. Schindler® has shotvn that cascara bark 
contains a glycoside based on this structure : 


H OR 
HO X/Z OH 

glucose 

H 

O 

Glycoside from cascara. 
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On hydrolysis the aglycone is rapidly oxidised to eraodin. 

_ (4) Dianthrauol compounds. Stoll, et suggest that the aglycones 
in senna leaf may be dianthranol or dianthrone compounds which on 
oxidation in alkaline solution give a rhein-hke compound. 

For the purposes of this preliminary investigation these anthracene 
denvatives are classified as (a) glycosides, (b) free anthranol compounds, 
and (c) free anthraquinone compounds. 

Active Constituents 

Since all these anthracene purgative drugs can be made to give the 
Borntrager reaction under suitable conditions, it was natural that attempts 
should be made to determine the total content of anthracene derivatives 
as anthraquinones (calculated from the intensity of the red colour) and 
see if this amount corresponded to the biological activity of the pure 
anthraquinones prepared synthetically or otherwise. However, it soon 
became apparent that the “ total anthraquinone content ” could not 
account for the activity of these drugs. Thus Tutin and CleweF^ found 
that 100 mg. of aloe emodin, or of emodin or of rhein were practically 
ineffective on human beings. This quantity of anthraquinones correspond 
to 4 g. of cascara bark, which is the maximum dose (B.P. 1932). Similarly, 
a recent attempt to correlate the colorimetric assay of frangula extract with 
its biological assay led the author to conclude that no parallelism exists 
between the two types of assay^^. Similar conclusions were arrived at by 
Astruc and Giroux for cascara*^, and Strom and Kihlstrom for rhubarb^ 
An interesting series of experiments by Green, King, Beal ef al. on cascara 
extract seemed to offer an explanation of tbe superior activity of the 
crude drug and its preparation over the pure anthraquinones. They 
showed a definite synergistic action when the anthraquinones, aloe emodin, 
emodin and chrysophanol were given together to guinea-pigs. The 
response was much greater than with similar doses of these compounds 
separately, and as these compounds were stated to exist together in the 
drug extract it seemed reasonable to suppose that synergism of the 
anthraquinones accounted for the purgative action of cascara. 

On the other hand Casparis and Maeder*, working on the similar drug 
frangula bark, concluded that the total activity of the bark was due to 
the glycoside gluco-frangulin. In fact they found (by experiments on 
man) that this glycoside was much more active than the corresponding 
amount of bark ; the loss of activity, when in the crude drug, they 
attributed to the tannins present in the bark. 

Straub and GebhardF®, working on senna leaf, discovered two active 
glycosides whose activity appeared to account for a large proportion of 
the activity of the leaf. Their work was continued by Stoh, et al.^° who 
solated the glycosides in crystalline form and called them sennoside A 

and sennoside B. ■ ■ c u 

Thus these recent series of experiments suggest that the activity of the 
anthracene purgatives may be accounted for by either (a) synergism of the 
free anthraquinone compounds as in cascara, or (b) highly active glycosides 
as in senna leaf and frangula bark. It is interesting to note that in both 
senna leaF and frangula bark”, more than nine-tenths of the anthracene 
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derivatives present occur as glycosides. Hence a determination of 
“total anthraquinones ” would be virtually a determination of the 
glycosidal content, which (as stated above) is said to account for t c 
total activity of these drugs. However, I have already quoted papers 
to show that such a correlation has not been found for every member 
of the group. 

I decided therefore to investigate the whole series of anthracene drugs 
to see if any generalisation could be made as to what are the active 
constituents. The remainder of this paper describes the preliminary 
work towards this end, viz., the determination of the relative activity 
of (a) glycosides, (b) free anthranols and (c) free anthraquinones. The 
results of the experiments recorded show that for senna leaf, senna pod, 
sennosides A and B, rhubarb and cascara, the anthracene derivatives 
are highly active in the glycosidal form ; less active as free anthranols 
and much less active as free anthraquinones. A discussion of these 
findings is given at the end of the paper. 

Experimental 

Chemical and Biological Assays. Necessary requirements for this type 
of investigation, are reliable methods of chemical and biological assay. 
The chemical assays were based on the colorimetric methods of Kussraaul 
and Becker for senna®, and BjSrling and Ehrlen for frangula^^. Various 
modifications were necessary and it is hoped to publish details of chemical 
assays for each drug later. The glycosidal content of senna and prepara- 
tions were estimated as sennosides A -f B; that of cascara and of 
rhubarb as the oxidised aglycone, emodin. In order to make the figures 
comparable the glycoside content of senna is also given in terms of 
aglycone A + B. The biological assays were carried out by Mr 
T. C. Louw. 

1. Preliminary experiments on Senna leaf. Portions of powdered 
Tmnevelly leaf were subjected to increasing degrees of hydrolysis and the 
purgative activity of these fractions and that of the original leaf were 
compared by a bio-assay method based on that of Geiger^®, The 
results, recorded in Table I, indicate that mild hydrolysis has little 
effect on the purgative activity but that more vigorous hydrolysis, and 


TABLE 1 

Purgative acuvity of senna leaf fractions after varying degrees of 

hydrolysis 


Treatment 


Temperature and Time * 

Bio-assay 

1 Untreated leaf 

l 

1 

100 

2 Warmed with 0 16N hydrochloric 
atmosphere of nitrogen 

acid m ^ 

20^ C for 18 hours ( 

70’ C for j hour j 

88 

3 Warned «ith 0 IN hydrotWonc acid 

phere of carbon dioxide 

4 Boded m water under reflux 

m atnios' j 

90’ C for -i hour i 

20 C i^or 22 hours f 

77 

5 Boiled in 1 5K hydrochloric acid under 

reflux 1 

ZOO C for 2 hours | 

approx 120’ C for I 

1 2 hours 1 

36 

0 
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possibly oxidation (produced either by boiling in 'water or wanning in 
strong acid solution in air) led to a marked loss in activity. 

1. Quantitative experiments using senna leaf glycosides. The pre- 
liminary experiments suggest that hydrolysis of the leaf constituents, and 
possibly oxidation, leads to loss of activity. I obtained the leaf glycosides 
sennosides A and B in pure form and decided to repeat the previous 
experiments on a more quantitative basis. 

A solution of sennoside A of suitable concentration was divided into 
three portions. One portion was hydrolysed and the liberated aglycones 
extracted and purified (as in the chemical assay process®); these were 
administered to mice in suitable doses. The second portion of the 
sennoside A solution was hydrolysed and oxidised (as in the chemical 
assay process®) and similar doses of the purified products were given to 
mice. The third portion of the original solution was used as a control. 

The results, recorded in Table II, show that the aglycone 
possesses about 1/3 of the activity of the parent glycoside, whereas the 
oxidised aglycone possesses no activity at all (when given in similar 
doses). 

TABLE II 

Biological and chesdcal assays of sennoside A and fractions 


Material 

1 Bio-assay 

j Chemical assay 

1. Sennoside A 

j 100 

1 100 

2. Hydrolysed Sennoside A (3 N sulphuric acid at 95* C. for J hour) , 

32-5 

1 96-4 

3. Hydrolysed and oxidised sennoside A (above, oxidised in I 
N sodium hydroxide and hydrogen peroxide) 

1 

0 

85-3 


Note : In theory, the results for the chemical assays should all be 100. The discrepancy in Expt. 2 
is within experimental error ; that in Expt. 3 can be accounted for by having to heat tviih hydrogen 
peroxide longer than usual, otsing to the high concentration of the agb'cones. 


3. Quantitative experiments using senna pod. Similar experiments to 
those done on senna leaf glycosides were repeated on senna pod which is 
also said to contain sennosides A and B.^® A large sample of Alexandrian 
senna pod was thoroughly mixed and stored in a cool place; a few 
hundred g. reduced to No. 60 powder was used as standard (= Pg)- A 
potent extract of some of this powder was made by evaporating an 
infusion’*' under reduced pressure to a solid extract (Ej). This extract 
was assayed biologically and chemically against the standard powder. 
Some of it was then hydrolysed by heating in 5 per cent, hydrochloric 
acid at 90°C. for i hour, cooled and neutralised with sodium hydroxide. 
This hydrolysed product was re-assayed chemically and biologically against 
the Standard powder to which a calculated quantity of sodium chloride 
was added to balance that formed during the neutralising of the 
hydrolysate. The results of these experiments are shoivn in Table III. 

These experiments on senna pod confirm the conclusions derived from 
the experiments on senna leaf and glycosides, in that hydrolysis leads to 
a marked loss in activity. They also show that a determination of the 
anthracene derivatives as “ total anthraquinones ” w ould be no guide 

* Chemical assays showed that all the anthracene derivatives passed into an 
infusion made under suitable conditions. . 
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to the biological activity. Thus in experiments 2 and 3;-biological 
aedviti' is in ratio 6-8 : 1; glycosidal content is m ratio 8 -3 ; 1 ; total 
anthraquinones ” is in ratio 1-1 1- 

TABLE III 

BlOrOGlCAL AND CHESflC AL ASSAYS OF SENNA POD AND FRACTIONS 

{ Chemical Assay 

(Results expressed as mg./g.) 


Material ' Bio-assay Glycosides , Free i Total 




Sennosldes 

A+B 

As 

Agl> cones 

As 

Aglycones 
A-^B ‘ 

As 

Aglycones 

A-fB 

1. Standard senna pod powder Pa 

100 

32-0 

200 

2-0 , 

22-0 

2. Potent extract of Pod El 

(i) 301 1 339 

(ii) 376 » 

132-4 

82-8 

' 8-2 

1 

3. Hydrolysed extract 

Approx. 50 

160 

10*0 

71-5 

81-5 


4. Quantitative experiments using Rhubarb. The experiments already 
described were made on senna and its preparations, where the aglycones 
were “ artificially ” produced by hydrolysis. In rhubarb and cascara, 
however, there is present “ naturally ” a large proportion of free 
aglycones, so that experiments carried out on these drugs will not only 
decide whether what is true of senna is applicable to other anthracene 
purgatives; but the proof of relative activity of the glycosides and 
aglycones can be obtained without resort to the drastic process of acid 
hydrolysis. Crude drugs and their preparations are complex mixtures 
and it is not always possible to forecast what effect hydrolysis of other 
constituents will have on the biological activity. 

A weighed quantity of a Standard sample of powdered Chinese 
rhubarb (Rj) was exhausted with ether and acetone to remove the free 
emodins and the exhausted material was dried and re-weighed. There 
was a loss in weight of 15 per cent. The activity of this exhausted 
material (Rs) and of the Standard powder were compared by the biological 
and chemical methods already mentioned and the results are shotvn in 
Table IV. In calculating the potencies of R*, allowance was made for 
the 15 per cent, loss in weight on exhaustion. 


TABLE IV 

Biological and chemical assays of rhubarb and fractions 


Material j 

Bio-assay 

1 Chemical Assay 
} Total Anthracenes 

1 as Emodin : mg.fg. 

1. Standard rhubarb powder Rj 


1 100 

! 30-5 

2. Ra exhausted with ether, etc. = R^^ 

- 

(i) 1061 

(ii) 84 1-= 99* 
(m) 107j 

1 

i 7-2* 

1 

Aiiosv Mce made for loss ,n weight of 1 5 per cent, on e.shaustioT 


These results fall mto line with those already obtained. The remo 
of a large amount of free aglycones did not result in any loss of activ 
us indicating that the main activity lies in the (ether-insoluble) glycosic 
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aglycone. The glycoside is not hydrolysed in the stomach and so 
reaches the large intestine where it is hydrolysed and the liberated 
(and presumably oxidised) aglycone then exerts its action. The 
work described in this paper has not only confirmed this theory 
for seima leaf and shown that the same is true of senna pod, 
rhubarb and cascara, but also indicates that the sugar moiety plays 
the further role of “ protector,” preventing the orally active 
anthranol from oxidation during storage to orally inactive anthra- 
quinone. In all the drugs studied it was found that nearly all the 
free a^ycones are present in the anthraquinone form (though the 
glycosides contained “ anthranol ” aglycones), indicating that after 
hydrolysis the liberated anthranols are fairly rapidly oxidised during 
storage. Furthermore, if the pure senna glycosides are heated in N 
sodium hydroxide with hydrogen peroxide, no oxidation takes place 
after hydrolysis of the glycosides (in acid), however, the aglycones are 
rapidly oxidised under sitnilar conditions. This “ protector ” theory is 
in line with what is known of the constitution of these glycosides (e.g. in 
cascara®, aloin®®). The sugar is attached to the meso group and so 
would protect the anthranol structure. 

These theories appear to conflict with that of Liddell, King and BeaF^, 
who claim synergism of the anthraquinones as the explanation of the 
activity of cascara. While their experiments do show that synergism 
occurs, they fail to show that this synergistic effect accounts for the 
total activity of the crude drug. They used 1 • 5 ml. of a commercial 
sample of fluid extract of cascara (U.S.P.) as standard in the bio-assay, 
but unfortunately did not determine the amount of anthraquinones in 
this standard. Gibson and Schwarting® have shown that tWs amount 
varies considerably; their highest figure is 2-9 mg. per ml. Thus, at 
the most 1 • 5 ml. of standard may contain about 4 • 5 mg. of anthraquinones, 
whereas Liddell et al found it required 12-5 to 25 mg. of the synergistic 
mixture to produce a similar efiect. However, if sufficiently large doses 
of free anthraquinones are given by the mouth, purgation results ; 
indicating that a proportion has reached the large intestine. In such 
circumstances, synergism may be an important factor. To be effective, 
comparatively large quantities must be given, e.g. 100 to 300 mg. for 
man®^’®®. This quantity corresponds with the dose of the synthetic 
anthraquinone, 1 : 8 dihydroxyanthraquinone* (Istin) of which 150 to 
450 mg. is necessary as a purgative. 

The results also show that a chemical assay which merely determines 
the total content of anthracene derivatives, irrespective of their form of 
occurrence, will not correspond to the purgative activity. An interesting 
example of this occurs in a paper recently pubhshed from Finland on 
the chemical and biological assays of Chinese and rhapontic rhubarbs . 
The former contains less “ total anthraquinones ” yet is twice as active 
as the rhapontic and the authors conclude that the chemical assay does 
not give a true picture of the laxative effect. However, their figures for 
“combined anthraquinones” (glycosides) are in the ratio of 9-25 to 
5-08 respectively, which corresponds very closely to the biological assays. 
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Further Work. 

Having established that the glycosidal fraction of these crude drugs 
possesses" the main activib,', I propose to study this -fraction in greater 
detail, as it is obvious that the aglycones of the vanous glycosides 
vary ’considerably in their activity, e.g. the aglycones of sennosides 
A and B are much more active than the simple anthranol of 
aloe emodin. It is further hoped to publish details of chemical assay s 
and to examine galenicals made from these drugs to see whether aU the 
alycosides are extracted and whether they are presers-ed during storage. 
Hazleton and Talbert state that the U.S.P. fluid extract contains only 
35 per cent, of the activity of senna leaf. Preliminary experiments which 
we have performed on a commercial sample of dry extract of cascara 
showed it was slightly less active than the crude drug; whereas it should 
be about four times as active. Similar experiments on a dried extract 
of senna pod made by the B.P. method showed that it had only 1/6 of 
the activity' of the pod, instead of 3 to 4 times its activity. 


Summary 

1. A review of the published theories which seek to account for the 
activity of purgative drugs containing anthracene derivatives is given. 

2. The relative activity of anthracene derivatives occurring as 
(a) glycosides, (6) anthranols and (c) anthraquinones, in certain crude 
drugs has been determined by biological means. 

3. A similar investigation of isolated glycosides, anthranols and 
anthraquinones has been carried out. 

4. The results show that the anthracene derivatives are highly active 
as anthranol glycosides; less active as free anthranols and much less 
active as free anthraquinones. 

5. The more complex aglycone (dianthranol) of sennoside A is more 
active than the simple anthranol of aloe emodin. 

6. The theory is advanced that the sugar moiety of the glycoside 
not only acts as a “ transporter ” of the active aglycone, enabling it to 
reach the large intestine, but is ako a “protector” which prevents 
oxidation of the aglycone to the relatively (orally) inactive anthraquinone. 

7. The experiments also show that a determination of “ total anthra- 
quinones ” irrespective of their form of occurrence will be no auide to 
biological activity. 


8. Further work on the glycoside fraction of these crude drugs is 
being carried out. 

I would like especiaUy to thank Mr. T. C. Lou for performin'^ all 
the bio-assays included in this paper, for preparing the pure anthra"cene 
compounds and for much valuable assistance and many useful 
suggestions durmg the course of the work. I am also srateM to the 
Pharmacology Department of this School for facilities'' for carrying 

the Department of Physical ChemistSfo? 

the loan of certam spectrophotometric equipment necessary fo? the 

Ltd Tr ^'^^“^vledgments ar2 made to San^picts 

Ltd. for the gift of sennosides A and B and to Mr a w 
for the preliminary biological work! 
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aglycone. The glycoside is not hydrolysed in the stomach and so 
reaches the large intestine where it is hydrolysed and the liberated 
(and presumably oxidised) aglycone then exerts its action. The 
work described in this paper has not only confirmed this theory 
for senna leaf and shown that the same is' true of senna pod, 
rhubarb and cascara, but also indicates that the sugar moiety plays 
the further role of “ protector,” preventing the orally active 
anthranol from oxidation during storage to orally inactive anthra- 
quinone. In all the drugs studied it was found that nearly all the 
free aglycones are present in the anthraquinone form (though the 
glycosides contained “anthranol” aglycones), indicating that after 
hydrolysis the liberated anthranols are fairly rapidly oxidised during 
storage. Furthermore, if the pure senna glycosides are heated in N 
sodium hydroxide with hydrogen peroxide, no oxidation takes place 
after hydrolysis of the glycosides (in acid), however, the aglycones are 
rapidly oxidised under sirrular conditions. This “ protector ” theory is 
in line with what is known of the constitution of these glycosides (e.g. in 
cascara®, aloin®®). The sugar is attached to the meso group and so 
would protect the anthranol structure. 


These theories appear to conflict with that of Liddell, King and BeaF*, 
who claim synergism of the anthraquinones as the explanation of the 
activity of cascara. While their experiments do show that synergism 
occurs, they fail to show that this synergistic effect accounts for the 
total activity of the crude drug. They used 1-5 ml. of a commercial 
sample of fluid extract of cascara (U.S.P.) as standard in the bio-assay, 
but unfortunately did not determine the amount of anthraquinones in 
this standard. Gibson and Schwarting® have shown that tWs amount 
varies considerably; their highest flgure is 2-9 mg. per ml. Thus, at 
' the most 1 • 5 ml. of standard may contain about 4 ■ 5 mg. of anthraquinones, 
whereas Liddell et al found it required 12-5 to 25 mg. of the synergistic 
mixture to produce a similar effect. However, if sufficiently large doses 
of free anthraquinones are given by the mouth, purgation results ; 
indicating that a proportion has reached the large intestine. In such 
circumstances, synergism may be an important factor. To be effective, 
comparatively large quantities must be given, e.g. 100 to 300 mg. for 
jjjan^i'27. This quantity corresponds with the dose of the synthetic 
anthraquinone, 1 : 8 dihydroxyanthraquinone* (Istin) of which 150 to 


450 mg. is necessary as a purgative. 

The results also show that a chemical assay which merely determines 
the total content of anthracene derivatives, irrespective of their form of 
occurrence, will not correspond to the purgative activity. An interesting 
example of this occurs in a paper recently published from Finland on 
the chemical and biological assays of Chinese and rhapontic rhubarbs . 
The former contains less “ total anthraquinones ” yet is tivice as active 
as the rhapontic and the authors conclude that the chemical assay does 
not give a true picture of the laxative effect. However, their figures to 
“ combined anthraquinones ” (glycosides) are in the ratio 
5-08 respectively, which corresponds very closely to the biological as y . 
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Further Work 

Havins established that the glycosidal fraction of these crude drugs 
possesses the main activiw, I propose to study this fraction in greater 
detail, as it is obvious that the aglycones of the various glycosides 
vari' considerably in their actmty, e.g. the aglycones of sennosides 
A and B are much more active than the simple anthranol of 
aloe emodin. It is further hoped to publish details of chemical assays 
and to examine galenicals made from these drugs to see whether all the 
slycosides are extracted and whether they are preserx'ed during storage. 
Hazleton and Talbert state that the U.S.P. fluid extract contains only 
35 per cent, of the actmty of senna leaf. Preliminary' experiments which 
we have performed on a commercial sample of dry' extract of cascara 
showed it was slightly less active than the crude drug; whereas it should 
be about four times as active. Similar experiments on a dried extract 
of senna pod made by the B.P. method show'ed that it had only 1/6 of 
the actiwty' of the pod, instead of 3 to 4 times its actix'ity. 


SUXBIARY 

1. A review of the published theories which seek to account for the 
activity' of purgative drugs containing anthracene derivatives is given. 

2. The relative actiHty' of anthracene derivatives occurring as 
(fl) glycosides, (6) anthranols and (c) anthraquinones, in certain crude 
drugs has been determined by biolo^cal means. 

3. A similar investigation of isolated glycosides, anthranols and 
anthraquinones has been carried out. 

4. The results show that the anthracene derivatives are highly active 
as anthranol glycosides; less active as free anthranols and much less 
active as free anthraquinones. 

5. The more complex aglycone (dianthranol) of sennoside A is more 
active than the simple anthranol of aloe emodin. 

6. The theory is advanced that the sugar moiety of the glycoside 
not only acts as a •' transporter ” of the active aglycone, enabling it to 
reach the large intestine, but is also a “ protector ” which prevents 
oxidation of the aglycone to the relatively (orally) inactive anthraquinone. 

7. The experiments also show that a determination of “ total anthra- 
quinones ” irrespective of their form of occurrence will be no guide to 
biological activity. 

Further work on the glycoside fraction of these crude druss is 
being carried out. 


I would Hke especially to thank Mr. T. C. Lou for performing all 
the bio-assays included in this paper, for preparing the pure anthracene 
compounds and for much valuable assistance and many useful 
suggestions during the course of the work. I am also grateful to the 
Pharmacology Department of this School for facilities for carrying 
out the bio-assays; and to the Department of Physical Chemistry for 
the loan of certam spectrophotometric equipment necessary for the 
^‘^^o^'^edgments are made to Sandoz Products 

fmosides A and B, and to Mr. A. H. Fenton 
for the prehnunary biolo^cal work. renton 


691 



j. w' FAIRBAIRN 


References 

1. Borntrager, Z. ami. Chem., 1880, 165. 

2. Fairbaim, Pharm. J., 1942, 148, 198. 

3. Fairbaim, ibid., 1946, 156, 381. 

4. Casparis and Maeder, Schweiz. Apothzig., 1925, 63, 315, 329, 341. 

5. Kussmaul and Becker, Helv. chim. Acta, 1946, 30, 59. 

6. Gibson and Schwarting, J. Amer. pharm. Ass. Sci. Ed., 1945, 34, 264. 

7. S^om and Kihlstrom, Medd. Norsk. Farm. Salskap., 1948, 10, 67, 93, through 
Chem. Abs., 1948, 8423 b. 

8. Hauser, Pharm. Acta Helvet, 1931, 6, 79. 

9. Schindler, ibid., 1946, 21, 189. 

10. Stoll, Kussmaul and Becker, Verb. Schw. Natf. Ges., 1941 235. 

11. Tutin and Clewer, J. chem. Soc., 1911, 957, 

12. Bjorling and Elirlen, Coll. Pharm, Siiec., 1946, 1, 1, from Farm. Revy, 1946, 
45, 605. 

13. Astruc and Giroux, Ann. pharm. franc., 1944, 2, 12. 

14. Liddell, King and Beal, J. Amer. pharm. Ass., Sci. Ed., 1942, 31, 161. 

15. Green, King and Beal, ibid., 1938, 27, 95. 

16. Straub and Gebhardt, Arch. Exp. Path. Pharmak., 1936, 181, 399. 

17. Erne, Coll. Pharm. Stiec., 1948, 3, from Sv.farm. tidskr., 1948, 52, 345. 

18. Lou, J. Pharm. Pharmacol., 1949, 1, 673. 

19. Geiger, J. Amer. pharm. Ass., 1940, 29, 148. 

20. British Patent, 1943, No. 555/450. 

21. Cahn and Simonsen, J. chem. Soc., 1932, 2581. 

22. Gardner, J. A?ner. pharm. Ass. Sc/. Ed., 1939, 28, 143. 

23. Gardner, ibid., 1934, 23, 1178. 

24. Naylor and Gardner, J. Amer. chem. Soc., 1931, 53, 4114. 

25. Oestelee and Tisza, Schweiz. fVoch. Chem. Pharm., 1908, 46, 701. 

26. Okada, Tohoku J. exp. Med., 1940, 38, 33. 

27. Straub and Triendl, Arch. Exp. Path. Pharmak., 1937, 185, I. 

28. Gebhardt, ibid., 1936, 182, 521. 

29. Rosenthaler, Arch. Pharm. Seri., 1932, 270, 214. 

30. Hazleton and Talbert, J. Amer. pharm. Ass. Sci. Ed., 1945, 34, 264. 


DISCUSSION 

The Papers on Vegetable Purgatives by Mr. Lou and Dr. Fairbaim 
were discussed together 

The Chairman said that until recently there had not been a really 
satisfactory assay of these drugs. Mr. Lou’s method was a development 
of that described last year by Collier and Harris. 

Dr. I. Michaels (London) said that senna pods vvere said to be more 
oertain than the leaves in their laxative action, and to cause less griping. 
It appeared that sennosides A and B were present in both, and it would 
be logical to conclude that the pods contained a higher proportion of 
active principles than the leaves. It would be interesting to know me 
comparative figures for the active principles of Alexandrian and Tm- 
nevelly pods so as to be able to assess the reason for the market price 
of the Alexandrian pods being three times that of the Tinnevelly pods. 
Griping was said to be associated with the anthracene compounds. The 
seeds were said to be the cause of griping, and yet it was r^orded tha 
the seeds did not contain anthracene derivatives. Modem theory stateu 
that the senna glycosides passed unchanged through the stomach to e 
intestines, where they were absorbed into the blood stream; here they 
were hydrolysed. There was a latent period of 10 to 12 hours betore . 
the active emodin reached the large intestine, where it stimulated me 
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peristaltic movements of purgation. The emodins in a badly prepared 
extract were responsible for the griping pains by stimukting peristalsis 
in the small intestine. Mr. Lou’s method complied with the accepted 
principles of biological assay. There could be little disagreement with 
the choice of powdered senna as a standard for the assay of senna and 
its preparations, although there was room for controversy as to the 
method of administration. It should be regarded, however, as an inter- 
mediate stage in the establishment of a standard based on a compound 
of known composition. 

Dr. E. F. Hersant (Dagenham) said if the glycoside were not 
hydrolysed in the stomach, was it not possible that after hydrolysis in 
the large intestine the unoxidised aglycone would partly account for the 
greater activity of the glycosides. 

Dr. F. Said (Egypt) said that glycosides were usually hydrolysed by 
acids, and if they were not hydrolysed in the stomach they were unlikely 
to be hydrolysed by the alkali m the duodenum. If the glycosides were 
absorbed in the stomach and were excreted in the intestine, would it 
be possible to inject a solution of an anthraquinone and see if it was so 
excreted. 

Mr. V. Reed (London) asked if the author had any explanation of 
why the public taste for senna preparations had altered so much in the 
last 30 or 40 years. At first there had been a big demand for senna 
leaves, then seima pods had come in. Now there were senna leaves, 
Tiimevelly senna pods and Alexandrian senna pods, all taken for the 
same purpose. Was there any real difference in the actual active prin- 
ciple of the three things? 

Dr. T. E. Walus (London) said he was glad to see a Department of 
Pharmacognosy taking an mterest in the biological side, as was the 
case in similar departments in other countries. He asked for Mr. Lou’s 
opinion on the use of Daphnia in this type of work. 

Dr. D. C. GaRRAtt (Nottingham) said that it was-necessary to get an 
accurate chemical assay before they could fully appreciate the really 
good work that had obviously been done. 

Dr, Walker (London) said that in the last twelve months he had had 
to make comparisons clinically of liquid extracts of senna and frangula. 
The experience had been that many of the senna extracts examined had 
shown very poor activity compared with senna pods themselves, whereas 
the difference in the activity in frangula extracts had not been so marked. 
It would appear that the conclusions reached had been on single samples 
of powdered senna and cascara. Had the author gone far enough yet 
to offer any information as to variations between different samples of 
the powdered drugs. 


t (London) asked whether, in arriving at the conditions 

of glycosides in Table 1 the times and conditions 

most favour- 
able for hydrolysis? If Dr. Fairbairn could give supplementarv 

on the rate of hydrolysis of the glycosides, it would throw lighten the 
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conditions. It was said that by boiling at 110° under a reflux with water 
for two hours, 60 per cent, of the senna glycosides had been hydrolysed. 
Could Dr. Fairbaim say whether substantially all that decomposition 
had occurred during a shorter period such as 15 or 20 minutes. 

Mr. H. Deane (Long Melford) said that the method appeared to be 
accurate for testing purgative drugs. Human volunteers had so far 
seemed the only way of testing, but the staff of laboratories considered 
that it was not part of their duties. Senna was more sensitive to heat 
than rhubarb or cascara; a fireshly-made infusion of senna pods was 
much more active than a liquid extract made from the same pods. 

Mr. H. B. Mackie (Brighton) said that it had long been known that 
with cascara partial hydrolysis decreased therapeutic activity, but 
increased palatability. With a solid preparation which could be protected 
by coating palatability was unimportant. In liquid preparations, the 
therapeutic action bad to be balanced with flavour and other factors, if 
the product was bitter and nauseating it could not be swallowed. In the 
preparation of decoction of aloes, the aloes was boiled with potassium 
carbonate and the dose of decoction was equivalent to twice the dose of 
aloes to get the same therapeutic result, but it was then pleasant to 
take; 50 per cent, of the activity of the aloes had been lost in boiling. 

Dr. Fairbairn, replying, said that the glycosides were the active prin- 
ciples, but the particular glycosides present in different drugs might vary, 
thus giving different activities. Regarding anthranols, presumably as soon 
as the glycosides were hydrolysed the free anthranol enhanced the activity. 

It was true that the stomach contained acid, but Table I showed that it 
needed fairly strong acids at high temperature to produce hydrolysis. Dr. 
Collier had reported last year that be had injected liquid extract of senna 
into the veins of mice, but there had been no purgative action. 

Mr. Lou said it was, generally speaking, much better if a definite 
compound was used as a standard, but unfortunately these purgative 
drugs contained various glycosides which might be different in structure. 

If sennoside A or B was adopted as a standard, and the product assayed 
on either compound, the result might be in conflict with a chemical 
test. It was obvious that workers in this field ought to be careful about the 
element of biological variation. Statistical considerations had been 
applied to all the tests they had made and the errors were within 15 per 
cent. They had no experience with the Daphnia method. There was a 
wide zoological gap between Daphnia and human beings, and they ha 
thought it preferable to use animals where the gap was much smadeT. 

He had tested a few preparations on himself. Those preparations whic 
were inactive in himself, or had very low potency, had no activity in 
mice. In Munch’s book on bio-assays, there were date to show tha 
the relation of dose between a mouse and a human being 
different purgatives. For senna the ratio was about 1 to 300. ror 
instance, if the minimum effective dose for mice was 6 J”® 

dose would be 1-8 g. which was within the dose range of 
senna. He had carried out laboratory experiments on extracting ooi 
pods and leaves, but the latter gave difficulty because of the large quan y 
of mucilage they contained. 
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LACTOBACILLUS LACTIS DORNER 

By G. E. Shaw. 


From the Evotts Biolo^icttl /nstitutCt Eitncorn^ Cheshire^ 
Received June 30, 1949 


The aiinouiiceBien.t by Shoib’’'*^ that Lactobacillus lactis Dorner 
responded to a factor present in Ever extracts to an extent longhiy pro- 
portional to their clinical value, opened up the possibility of a micro- 
biolodcal assay of anti-pernicious ansmia preparations. The isolation 
of the growth factor by Rickes et al\ who named it vitamin Bi^, and the 
demonstration by West^ of the anti-pemicious anremia potency of Vitamin 
Bi-, strengthens this possibility. 

Most t^s of bacteria moulds, etc., are able to synthesise vitamin B,- 
but several organisms have been found which lack this proper!)’ and these 
have been tried for assay purposes. The present communication deals 
with a method of assay in liquid culture using L. lactis Dorner. 

Shorb=’^'= and Shive' have drawn attention to a marked tendency for 
this organism to behave in an inconstant manner under certain conditions. 
This uncertainty has been confirmed by the unpublished experiences of 
many workers in this field and, for many months, investigations in these 
laboratories were hampered by erratic assay results. The technique finally 
evolved and described below seems to be free from the disabilities 
reported by other workers. 

The principles utilised in the final method are identical with those 
influencing all other microbiologicai assays (Shaw*). The test inoculum 
must be minimal. The organisms in the test inoculum must be young, 
in a highly active phase of growth, and to have been maintained on a 
complete medium. The medium must be free from other grou’th factors. 
The difierence between L. lactis Dorner and other organisms is that the 
former is much more prone to variation formation. It was found that 
when optimum conditions had been established, the assays were more 
consistent than mth any other microbiological assay performed in these 
laboratories. 


The basal medium employed consists of sulphuric acid-hydrolysed 
casein with added tr)'ptophaue, the usual members of the vitamin B com- 
plex group and tv,’een 80. T.J. factor, another essential supplement, is 
supplied as a concentrate of potato extract consisting of the ether preci- 
pitate from a phenol extract of the fraction insoluble in alcohol (80 per 
cent.) but soluble in alcohol (50 per cent). One advantage of this source 
of T.J . factor is that unlike with enzyme digested casein used by Shive • or 
"''i* iuice used by Shorb,*'-*-* it is possible to use a large excess 

of T.J. factor without at the same time adding L. lactis Dorner factor 
Another advantage is Aat since the current batch of concentrate is used 
at a final dilution of 1/50,000, it is possible to use the same batch of 
potato extract over a considerable period. All batches of tween 80 
are not equally suitable. One sample which did not aive a clear 10 ner 
•cent, solution in water was useless. '' 
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The reaction of the final medium is adjusted to pH 5-5 and the 
glucose, pomto extract and preparation to be tested are added asepticaUy 
to the previously autoclaved basal medium. If the glucose is added to 
the medium prior to autoclaving, the resultant broth may support the 
growth of L. lactis Domer in the absence of liver extract or other vitamin 
Bi 2 containing material. Under these circumstances the “ blank ” is high 
and may even approach maximum turbidity. Autoclave treatment at 
pH 7 to 8 is more likely to upset the assay than when the pH is approach- 
ing 5-5 at which pH the phenomenon is rarely observed. One does not 
always obtain this growth potentiation on autoclaving and one possible 
explanation of failure to do so may be that some samples of glucose solu- 
tion may become acid on autoclaving. If the pH is lowered before the 
reaction between glucose and media constituents can occur, it would be 
equivalent to autoclaving at a low safe pH. 

The strain used was isolated as a single colony from soya bean medium 
and has been maintained for upwards of 150 daily sub-cultures on pep- 
tone agar, fortified with proteolysed whole liver, tween 80 and potato 
extract. Its behaviour has remained constant throughout this series of 
cultivation. 

For assay purposes an overnight agar slope culture is washed into 
10 ml. of basal medium fortified with proteolysed whole liver, and this 
allowed to incubate for 5 to 6 hours at a temperature of 37°C. The 
broth culture is centrifuged, the sedimented organism washed 2 or 3 
times with basal medium deficient in vitamin Bi 2 and finally suspended to 
an opacity of approximately l/5th, in either vitamin free basal medium 
or saline, immediately before use. Three drops of this suspension are 
used to inoculate 10 ml. of test medium. 

Growth is usually satisfactory after 16 to 18 hours incubation, but, if 
the inoculum is too small or the organism is not in good condition, 
incubation up to 48 hours may be necessary. Exposure of the washed 
organism to saline solution for more than about hours may convert 
the organism from a plump bacillus, staining solidly Gram-positive, into 
a thin one with the body of the organism Gram-negative showing Gram- 
positive beads simulating the appearance of a chain of streptococci. 
Further exposure to saline solution might even result in a completely 
Gram-negative filamentous organism from which it is difficult to get a 
satisfactory culture. In contrast to the report of Shorb^ we have not 
found that the length of incubation affects the assay values. The general 
levels of growth are slightly higher but the test solution is affected equally 
with the control. Probably as a consequence of the aseptic addition of 
glucose, the test medium is water white, and during the period when 
glucose was autoclaved with the medium it was found that, in general, 
a low blank was obtained when the colour of the medium was minima , 
the colour being presumably an index of glucose decomposition. 

To ensure regular results, it is essential to use constant-bore test tubes 
in order to have a constant surface-area /volume ratio. Incubation is best 
performed in a large room-incubator and the test tubes must no 
shaken during the growth period. Sterility of the glucose is ensu e y 
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the candle filtration of a 40 per cent, solution. Liver extracts in ampoules 
are assumed to be sterile, otherwise dilutions are made from preparations 
which have been allowed to stand in the presence of 1 per cent, phenol. 
The final dilution of the liver extract in the final medium is usually so 
ereat as to eliminate the effect of any phenol carried over. \Vhere neces- 
sary, the preparation to be assayed is autoclaved and this does not 
appear to have any deleterious action. It is however best to avoid auto- 
claving the test sample. 

It has been found convenient to make the basal medium up to 9/ lOths 
final strength, to distribute this into aluminium capped test tubes in 9 ml. 
quantities'^and then to autoclave these tubes in lots of about 500 tubes. 
The tubes are prepared for use by adding the requisite amounts of glucose, 
potato extract and vitamin Bi; preparation all in a volume of 1 ml. The 
autoclaved tubes may be used at any tune up to 14 days after autoclaving 
without affecting the assay in any way; thus enabling a large number of 
assays to be conducted with medium is known to be identical in every 
respect. 

The optimum conditions for autoclaving are obtained by the use of a 
large autoclave in which the tubes are placed in special racks so arranged 
that there is I in. free space around each tube. The autoclave is fitted with 
a recording thermometer and so it is possible to heat up during 10 
minutes, to maintain at a temperature of 115°C. for 10 minutes and to 
take the same period to cool down. There is also available a permanent 
record of the autoclave history of that batch of tubes. 


According to Shorb®, L. lactis Domer maintained on yeast-extract-agar 
with or without tomato juice, gives irregular results, and growth inay be 
inhibited by some liver extracts. The strain used in these laboratories with 
the described technique gives very reproducible results and the dose- 
response curve for all liver extracts assayed, for pure vitamin B,. and 
thymidine, have been found to be identical whether assayed individually or 
in mixture. Thymidine has only 1 / 10,000th of the activity of vitamin Bji. 
Values obtained from the assay of mixtures are invariably the sum of 
two components. Inhibitors might be expected to affect the shape of the 
growth response cuiwe and the values obtained on blending. 

Growth-response curves are established for each assay by using 5 levels 
of the standard preparation. It is desirable to put up an equaf number 
of levels of unknown, endeavouring to arrange the dilutions so that the 
reading of each level of the test coincide with^the corresponding levels in 
the control series. For accurate work it is desirable to use 6 tubes at each 
level and to repeat the assay at least 3 times. Ordinarily 3 tubes at each 
of 3 or 4 levels provide a fairly accurate estimation. A typical ^ro^vth 
response curve is shown in Figure 1. & 

Lester Smith and Cuthbertson® reported the presence of four substances 
with growth activity for L. lactis Domer which may be present in liwr 
curacts. These substances have different migration velocities on panS 
S r developed with aqueous butvl alcohol Two 

anti-pemicious anemia activity Sate llss 
rapidly than nboflavine, and two, with no anti-pemSous a^m a 


697 



G. E.. SHAW 


potency, migrate more rapidly than riboflavine, one being thymidine, 
which is found very near to the advance front. The possibility of other 
L. lactis Domer-active materials being present in a liver extract in addi- 
tion to vitamin Bu must therefore be taken into consideration. This 
possibility has been dealt with by subjecting various extracts to paper 
strip chromatograph (Shaw^®). A spot of extract or other preparation 
(1 /200th ml. of an extract assaying at 10 ng/ml. is satisfactory) is placed 
on a 1 cm. strip of Whatman No. 1 filter paper and, after drying, this strip 
is suspended in normal butyl alcohol, saturated with water, so that the 
butyl alcohol level is about 2 cm. below the applied spot. The butyl 



Millimicrograins of Vitamin Bi, 

Fig 1 — Growth-response curve vitamin B,,, Lactohacilliis lactis Domer. Average 
of 25 tests. 10 ml, tubes — 1 cm. cell. 

alcohol is contained in the bottom of a glass cylinder and the sides of the 
cylinder extend to about 13 cm. above the spot. The whole is p 
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from light and the butyl alcohol travels up the strip, evaporates at the 
top of the cylinder and deposits all of the rapidly migrating material 
at this point of the strip at the advanced front. 

A small amount of riboflavine may be placed on the same spot as the 
liver extract and after about 48 hours development, it will be found that 
the advance front is 13 cm. from the spot and a riboflavine belt (identified 
by examination under ultra violet light) is found about 6 cm. from the 
spot. The strip is cut at this point, each portion extracted with water 
and the extract assayed, thus giving the amount of activity which migrates 
both less and more rapidly than riboflavine. 

It was found that the speed of migration of the main L. lactis Domer- 
active fraction was so much slower than that of the other fractions that 
latterly the strip has been allowed to develop for a longer period, i.e., 14 
to 21 days, when it has been found that most of the activity has left the 
spot, accumulating in a peak about 2} cm. from the spot. There is then 
a considerable length of filter paper which is devoid of activity and the 
rapidly migrating growth materials accumulate at the advance front. The 
strip is examined by cutting it up into 0-5 cm. sections, extracting each 
with water and assaying separately. A typical liver extract gives results 
as shown in the histogram in Figure 2. 
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spot. Distance from spot in cm 
Fig. 2— Paper chromatograph of vitamin’ B. 
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A direct comparison has not been made with the anti-pernicious an$niia 
factor of Lester Smith^. Dr. Lester Smith has stated that there might 
be a slight difference between his preparation and that of Dr. Rickes.'^ 

From Table I it will be seen that proteolysed whole liver assays at 
18 ng of vitamin Bj, per g., and that oral liquid liver extracts range from 
18 ng. to 7-5 fig. of vitamin Bi* per ml. It will also be noticed that one 
oral liver extract, which is stated to have been proteolysed, has little or 
no activity. Samples of parenteral products prepared by this manu- 
facturer are also exceptionally low in L. lacfis Dorner factor. From 
assays performed on comparatively small samples of liver, which had 
been subject to extensive laboratory treatment with papain, it would 
seem that proteolysed whole liver contains the entire potency of the 
liver used. Oral liver extracts in general are but lightly fractionated, 
and the final potency is probably a function of the extraction efficiency 
and the degree of accidental natural autolysis. 

The vitamin Bja content of high potency refined parenteral extracts 
was found mainly to fall within the range of 7-5 to 16 ng. of vitamin Bia 
per ml. There are two exceptions, one of American and one of Con- 
tinental manufacture, which assay at 30 fig. of vitamin Bi- per ml. In 
a similar^anner the crude parenteral liver extracts fall in a group con- 
taining 2 to 4-5 fig. of vitamin Bjo per ml. A disturbing discrepancy 
was found when different batches of the same brand of high-potency 
parenteral liver extract were examined. Six batches from manufacturer 
“E” ranged from 0-3 to 16 fig./ml., three batches from manufacturer 
“ B ” varied from 2-5 to 13 ng./ml. These discrepancies were confirmed 
by repeated assays, taking care to assay the different batches of liver 
extract on the same day with the same batch of assay medium and against 
the same standard. In view of the large batch discrepancy shown, a 
search was made for the possible presence of inhibitory substances in 
the low-potency extracts. Chromatographic spectra for these extracts 
were normal with no unexpected increase in potency at any point. If 
there had been any inhibitory substance present one would not expect 
this “ unknown ” to migrate at the same speed as the L. lactis Domer 
factor. Confirmatory evidence was obtained for the absence of inhibitors 
by blending low-potency extracts with a solution of crystalline vitamin 
Bi 2 , and assaying the mixture. Values were obtained equal to the sum 
of the two components assayed separately. A difference would have 
been expected in the presence of an inhibitor unless the amount of 
inhibitor was just sufficient to inhibit the activity present in the liver 
extract alone. . 

Chromatographic analyses also provide a means of assessing the signi- 
ficance of other growth factor for L. lactis Dorner in liver extracts. By 
upward development there was in some preparations a small amount 
of activity present in the advance front after 14 days development. This 
is presumably due to thymidine, but in no case did it amount 
than 5 per cent, of the total Dorner activity. Other batches, although 
with similar spectra, showed no activity at the advance front- Proteoiysea 
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whole liver, oral liver extracts, highty re&ned and crude parenteral liver 
extracts were similar. Downward development in the few samples 
examined gave entirely comparable spectra except that, since the ad- 
vance front had proceeded beyond the limits of the strip, no advance 
front was present. In no case was there any evidence of a significant 
secondary peak. An illustrative histogram is shown in Figure 1. The 
absence of subsidiary peaks does not necessarily mean that the four 
L. lactis Domer active substances described by Lester Smith and Cuth- 
bertson^ are absent, but provide evidence that they are not present in 
sufficient quantities to effect the assay. 

As a consequence of batch variation considerable doubt is thrown on 
the utility of assaying one batch of a particular brand as a means of 
determining the general potency of that particular manufacturer’s pro- 
duct. Rickes assayed a number of American liver extracts of an alleged 
potency of either 10 or 15 U.S.P. units per ml. and found a marked 
variation between the various brands and also a difference between the 
various batches of the same brand. The American preparations which 
have been tested in these laboratories have ranged bePveen 7-5 and 
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13 ng. of vitamin per ml. with the exception of the 30 jig. material 
already referred to. Manufacturer “ F ” issues 3 products, a liquid oral 
liver extract, a parenteral liver extract and a parenteral preparation 
labelled Forte.” All of these give exceptionally low values, and in 
this instance one is bound to suspect either the source of liver or else 
the primary extraction. In the case of manufacturer “ E ” and “ B,” 
both of which are highly reputable British firms, the explanation is not 
so obvious. Admittedly, one of the low-potency batches is known to 
be old, but others equally low were bought on the open market for 
current use. Moreover, we have been unable to find evidence that, in 
general, finished liver extracts deteriorate in potency on storage even 
when they have been stored under the adverse conditions which pertain 
in some of the export markets. 

The only reasonable explanation is suggested by work in these labora- 
tories concerned with investigating “ process losses ” by means of Domer 
activity. It is now no secret that in a highly fractionated parenteral 
extract there may be very appreciable losses during processing, and 
that the magnitude of these losses may not be constant from sub-batch 
to sub-batch. Thus, for example, if a certain process is liable to give 
a 60 per cent, loss, it is not impossible that occasionally this loss is 
90 per cent., so that unless a large number of sub-batches are combined 
in order to “ iron out ” the variations in process loss, the final product 
might be only one-third the potency of another. 

Summary 

1. A number of commercial liver extracts have been assayed for 
L- lactis Dorner activity in terms of vitamin Bj-. A considerable varia- 
tion from brand to brand has been found and also a serious variation 
between different batches of the same brand. 

2. Although steps have been taken to eliminate artefacts due to 
method and the presence of inhibitors, it is not possible at the present 
time to correlate exactly L. lactis Domer activity with clinical efficacy. 

3. It is thus premature to advocate the establishment of a “ Dorner 
assay unitage applicable to all liver extracts, but it is not too much to 
expect that, in the future, branded preparations will maintain a reason- 
ably constant “Domer” activity. 

4. The presumptive vitamin B ,2 content of “high potency” liver 
extracts Is of the order of 10 jig./ml. whether of British, American or 
Continental manufacture. 

It is a pleasure to acknowledge the technical assistance of Mr. G. B. D. 
Grafham. 
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VlTAAQN CONTENT OF LlVER EVTRACTS 

A « o£ liver X“XS :X 

f X^'rc S SSo' toS: ofto b=-en es«>.a by 

lactis ATCC 8,000. employing the tube assay with Lacto- 

Sr M— “ 313. m results obtaiued are summarised iu 


Table I. 


Distributor 


Bnush 


European 


\mcncan 


table I 


CONTENT OF LIVER 

EXTRACTS FOR 

PARENTERAL USE 


Manufacturer 

Extract 

fig 

Potency 

— — 

\ 

1 4 

lotv 

A. 

2 

5 0 

high 

B 

3 

6 0 

high 


4 

2 9* 

high 


5 

0 8 

low 

l-N 

6 

1 0* 

medium 

U 

7 

12* 

high 

t: 

8 

3* 

low 

Ct 

9 

12* 

high 

F 

10 

02 , 

high 

G 

n 

(o) 6* 

low 



(6) 3 4 

low 



0 23 

low 

H 

12 

2 5* 

high 

I 

13 

0 5 

high 


14 



J 

15 

0 1 

medium 


16 

0 1 

high 



0 1 

medium 

K 

17 

fig Bts<0 05 t 

high 

L 

18 

2 7 

low 

M 

19 

1 

3 5 

medium 

N 

20 

22 

high 

O 

21 

1 8 

high 

P 

22 

11 S 

high 


• AsNcrage of 2 to 8 different batches t No Bi. detected e\en after chromatography 

X The essay results gi\en m Tables in, IV and V represent the activity of one or more of the vitamir 
B,. group of factors expressed as the concentrapon of standard Mtamm B,e (ug ml) giving the samt 
response as the sample 

Samples used for assay are all recent, having been obtained for the 
most part in June, 1949, except for samples from manufacturer G o1 
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which (a) were obtained during 1936 to 1939 and (b) was captured during 
the war. Of the above samples N, O and P are known to have been 
manufactured in America. The other samples whose manufacturers are 
described as European or American were nevertheless presumably made 
m England, since we are informed that no liver extracts have been 
imported into this country for the last 6 years. The description used is 
thus the country of the manufacturers’ headquarters, but not necessarily 
of the extract’s origin. 

The extracts have been classified into groups of low, medium and high 
potency on the basis of information supplied with the extracts by their 
manufacturers.' This classification, shown in Table II, is necessarily 
very rough in the absence of any standard method of describing potency, 
but in assigning the extracts to low, medium or high potency groups, 
the suggested dosing schedules, U.S.P. units and liver equivalents have 


been taken into consideration. 

TABLE II 



Potency 

1 Stated liver 

' equivalent ml. 

U.S.P. units 

Low 



<10 g. 

; 2 

Medium 



... 1 10 to 20 g. 

10 

High 



>20 g. 

1 1 

15 


No attempt has been made to distinguish between highly refined and 
highly concentrated extracts, although it is obvious that some manufac- 
turers have attempted to produce potent refined materials, while others 
appear merely to have concentrated their liver extracts without any great 
degree of purification. 

Table I demonstrates the wide differences between extracts from 
different manufacturers, the low potency extracts ranging from 0-23 to 
6 ng./ml., while medium and high potency extracts vary over the ranges 
of 0-1 to 3-6 ng. and 0-1 to 22 ng. Bis/ml. respectively. These variations 
between samples of different origins would hardly be expected if adequate 
clinical trials had been carried out on all batches. This variation may e 

TABLE in 

Batch to batch variation of same brand of extracts from different 
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ascribed to differences in manufacturing technique, quality of raw 
materials and clinical control (if anjO of the products. Different batchy 
of the same extract made by the same manufacturer may show a wide 
ranee of Bx: concentrations, but it cannot be said whether these may not 
be due to alterations in procedure and materials available for manufac- 
ture. Table HI shows the degree of variation encountered. 

From the results it is clear that little value can be attached 
to estimates of potency unless better control is used than apparently at 
present A number of these samples have been assayed by both of the 
different techniques employed in these laboratories, with the results shown 
in Table TV. 

TABLE IV 


XllCROBlOl-OGlCAI. ASSA.Y OF PARESTTERAL UVER EXTRACTS BY COP-PLATE 
(L LACns) and tube (E. LEICBMASSn) METHODS 



Extmrt 

Tube assaype, 

Plate assay /ig. 

1 


0-05* 

<0'1* 

*7 


0 04* 

<0*05* 



0-6* 

<0*1* 

4 


ca O'l* 

<0'2* 

5 


o-u 

0-22 

6 


0*4 

0-S 

7 


0-7 

1-0 

S 


1-5 

1*4 

9 


2-S 

2-7 

10 


3-0 

3-5 

11 


3-3 

3*3 

12 


9-7 

10*5 


• High co2o£3tei(ioas of dssoxj-ribondes present in these sncp’es. 


On the whole the agreement is reasonable for methods involving tu’o 
different organisms and two different techniques (the cup-plate and tube 
method) having different sensitivities to interfering substances. The 
discrepancies encountered are being further investigated. 


Reiationship Betoten Cunical Response and Microbiological 

AcnxTrY 

AH liver extracts prepared in these laboratories are clinically tested 
before they are released for sale. For this purpose typical cases of 
Addisonian pernicious anremia in severe relapse are used, preferably those 
showing a red cell count betu'een 1 and 2 million/cmm. The patients 
receive, by intramuscular injection, a single test dose of the extract 
During the following 14 days the blood picture is determined on alter- 
nate days, but daily obser\'ations are made at the time when the peak of 
the reticuloc^e response is expected. In interpreting the results par- 
ticular attention is paid to the red cell response, which should mcrea<:e 
at the rate expressed by the formula of I = 0-94 - 0-^14 (DeHa 
Vida and DykeO wherel is the weekly increment in the cells aM E 
^ assessing the response of an indradual 

“av bear on the 

test, e.g., hemoglobin levels, shape of the response curr-es, retiS- 
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Jocyte response, infection and possible iron deficiency or abnormal red 
cell destruction. Foods that might have an anti-anaemic action are with- 
held before and during the period of test. 

The results on 14 different liver extracts with 18 patients in a number 
of different hospitals are summarised in Table V, which gives only the 
red cell response as a percentage of that to be expected from the Della 
Vida and Dyke formula and the Bi, content of the different extracts. The 
other observations made on these patients have been omitted for clarity. 

If the responses of the individual patients are considered and if a 
response of 90 per cent, of that expected is taken as indicating activity of 
the liver extract, then it can be seen that samples containing less than 


TABLE V 

Relation between clinical response and Bj, Acnvrry of extract 

(1 ML. OF EXTRACT USED FOR THKE TESTS) 



Sample 

Bit activity 
’ ftg./ml. 

Increase 

in 

red blood 
cciis 

expressed 

as 

percentage 

of 

expected 

response 

1 

Sample 

1 

1 B,£ activity 

1 fig./al. 

1 

1 

Increase 

in 

red blood 

1 cells 

expressed 

1 as 

, percentage 
of 

1 expected 
> response 

1 

1 


... , 2-0 , 

75 

9 

90 

62 

2 


2-9 ) 

nin 57 
114/ 

1 ‘0 

1 90 

1 

58 

3 


30 

nil 

11 

12-0 

46T 9, 
145/ _ 

4 


... { 4-0 ( 

76 1 

12 

1 12-0 


5 


... ; 4-1 i 

nil 

6 


... 1 4-5 

54 

13 

15-0 

93 

7 


... ! 6-0 j 

50 

14 

n-s 

nl}'^ 

s 



6-0 ’ 

109 * 

1 


10 ng./ml. are much less satisfactory than those containing more than 
10 tig./ml. Of the 11 patients receiving less than 10 ng- of 9 gave 
unsatisfactory responses, while of the 7 patients who received more 
than 10 ng- only 2 gave unsatisfactory responses. Several of these extracts 
were tested on more than one patient. The marked variation in response 
from patient to patient is very clearly seen in the results obtamed wit 
these. In particular the different patients receiving samples 2 and u 
show very wide differences in response. If the results obtamed with 
two patients on each sample are averaged, then it can be seen tha on y 
one extract out of 10 containing less than 10 ng./ral. would satisfy 
criterion (and this result depends on the reaction of only one patienu 
while none of the four extracts containing more than 10 i‘g- ^<=/ 
would have failed to do so. 
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SxJMSlARV 

1. The vitamin contents of a number of liver exuacts have been 

2. Assay results using LaclobacciUm laciis and L. leichmaimii hate 

been compared. , , 

3. The clinical responses to a number of extracts have been compared 
with their Bi:: contents, and the range of activiw founo by chmcal test 
has been indicated. 

We wish to express our thanks to the pathologists without whose 
enthusiastic co-operation the standardisation of liver extracts would 
not have been possible. 


References 

1. Cvnhbertson. hiochem. }., 1949. 44, v, 

2. Lses and Emen'. Biociieni. J.. 1949. 45, u. 

3. Della Vida and Dyke. Lancet, 19-12. 243. 2/d. 


DISCUSSION 


The three papers dealing vdth the micro-biological assay of liver extracts 
b\ Mr. Shaw and by Dr, Cufhbertson, Miss Lloyd, Dr. Emery’ and Mr. 
Lees were discussed together; the last paper was read by Mr. Lees, 

Mr. Shaw, in presenting his papers, stated that since submitting them 
he had found that on applying his assay to a commercial solution of 
crystalline vitamin B 12 prepared for injection, the indicated NUtamin Biz 
content appeared to be approximately three times as great as the labelled 
value, using as reference standard the solid liver preparation supplied by 
Dr. Rickes and standardised by him at 0-4ug. per mg. This observ’ation 
indicated that the results quoted in the paper represented not necessarily 
vitamin Biz as such but w'ere a measure of the growth activity for Lacto- 
bacillus lactis Domer. This discrepancy along with the extremely slow 
speed of migration of the main constituent on paper chromatography, 
and the American view that microbiological assay of liver extracts for 
vitamin Bjz is not reliable unless the vitamin Bjz content of the liver 
solids in the preparation under test is of the order of 50 per cent suggests 
the possibihty’ that the clinical action of li\ er extracts may be due to a 
complex or conjugate of vitamin B.z more than to the presence of the 
free vitamin. It might well be that for the assay of IB’er extracts a 
standard liver preparation will be a more satisfactory' reference standard 
than pure crystalline vitamin B^z. 


The Chairman said that the three papers dealt with a subject w’hich 
had been developed very' considerably in the last year or so. If the 
figures given for assays of commercial extracts reaUy represented their 
content of vitamin Bjz then he thought that they gave a verv disturbina 
picture of the state of aSairs. The assay process required improvement 
before n was possible to place reliance on it, but the results aiven in the 
papera suggested that there might be some relationship between it and 
he chmcal rei Mr. Shaw used a method of paper strip chromato- 


709 



SHAW; CUTHBERTSON, et al. 

graphy which was unusuai, in that he did not protect the solvent from 
evaporation. 

Dr. C. H. Hampshire (London) commenting on the paper by Dr. 
Cuthbertson and his collaborators, remarked that he was a little sorry to 
see that they still found it necessary to make reference to the U.S.P. unit. 
The sooner that term disappeared the better. It was to be hoped that the 
work which was now being done by Dr. Cuthbertson and his colleagues 
and by other teams would enable a truly scientific method of assay of 
liver extracts to be arrived at by comparison with a standard. 

Dr. F. Hartley (London) said that the papers would be generally 
welcomed as helping to show something of the progress made on the 
microbiological side since the isolation of vitamin B 12 last year, but a 
comparison of the two sets of papers as circulated revealed some startling 
discrepancies. However, Mr. Shaw had now clarified some of those 
discrepancies. The variations which became apparent immediately the 
papers were read would obviously be regarded by many people as being 
attributable to the essentially variant factors present in the microbio- 
logical method, namely the standard, the test organism, and the medium 
used. Mr. Shaw in his abstract, but not in the paper, indicated the very 
different interpretaion to be given to the results, when assaying prepara- 
tions of pure vitamin Bi 2 in contrast to those for the other materials 
examined. The standard which he used contained 0-4 fig./mg., or in 
other words 0-04 per cent, of vitamin B 12 . It was well known, as Mr. 
Shaw himself had pointed out, that liver preparations contain other 
growth factors than vitamin B 12 , and a relationship between the growth 
factors in the standard and in the test could be obtained. Mr. Shaw 
provided histograms for materials under test but not for the material 
used as his standard; however, he had pointed out that when he measured 
pure vitamin B 12 against his standard he got a result about three times 
larger than he had expected. Therefore, making that allowance, the 
results of the two sets of results came more nearly into line. The marked 
influence of the medium on the growth-promoting and growth-inhibiting 
activities, and therefore on the results obtained, was fully discussed by 
Dr. Mary Shorb at the recent International Biochemical Congress. It 
became clear on looking at her growth response slopes that, according to 
factors such as would occur when comparing materials of totally different 
origin, some of which contained conjugates and others free vitamin Bi: 
that one would obtain different interpretations according to which slope 
was used. To compare one kind of material with others of a different 
nature might be grossly misleading. It was now well known that different 
strains of organism responded differently to a particular standard and a 
particular unknown. Dr. Cuthbertson and his colleagues had suggested 
in Table IV that comparable results were obtained using Lactobacillus 
lactis ATCC 8,000 and Lactobacillus leichmannn 7,830 for tube assay, 
but other strains w'ere available, and if the authors would ^ 0 °^ 
most recently made available, L. lactis Domer ATCC 
would find a rather different picture. Both Jukes and Lester Smit a 
shown that there might be a group of vitamin B 12 factors and Ju es a 
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already obtained in crystalline form a second vitamin which he had 
called vitamin Some or all of these digerent factors might well be 

clinically active. Mr. I-ees had been understandably cautious in his inter- 
pretation of Table V, but it would be seen that 1 ml. of the extract contain- 
ing 2-9 ng./ml. of vitamin B^ gave in one patient a response of a similar 
order to that given in another patient receiving 1 ml. of an extract contain- 
ina 17-5 ug-/^. Such a contrast strongly suggested that there might be 
some factor additional to vitamin B^ exerting an erythropoietic eSect. 
Standardisation in terms of vitamin Bi; only, might not, therefore, wholly 
reflect the clinical potency of liver preparations. Mr. Shaw had suggested 
in his abstracL but not in his paper, that it might be desirable to assay 
the liver extract not against vitamin Bn but against a standard liver 
preparation. That was certainly a wise extension; but the difficulty 
lay in arriving at a standard preparation. Were they interested in the 
conjugated vitamin Bio or in free vitamin Bn? He thought it was 
important to obtain a great deal more information on the factors which 
could be separated from liver extracts chromatographically, and not 
necessarily limited to the coloured fractions. Under the conditions for 
chromatography which Mr. Shaw had described, most workers would 
have lost all their vitamin Bn- It would normally have moved far more 
than 2-5 cm. up the paper during elution for 18 days; overnight elution 
was sufficient for most people. Finally, it was important to recognise that 
if in fact the authors had measured growth-promoting factors for an 
organism and not vitamin B^ there should be revision of the headings in 
the tables in the papers. 

Dr. K. Bullock (Manchester) asked about the effects of autoclaving on 
the glucose. Mr. Shaw had said that the lactobacillus was very sensitive 
to the concentration of carbon dioxide and then later that autoclaving 
altered the redox potential. Were those two factors standardised in the 
medium which he recommended and stabilised during the method of 
preparation? 

Mr, T. D. Whittet (London) commented that almost every physician 
had his favourite extract and pharmacists therefore had to stock a great 
variety of liver extracts. He inquired whether it had now been proved 
that both crude and refined liver extracts were necessary. 

Dr. G. E. Foster (Dartford) asked whether the culture could be kept 
in the dried state. 


Dr. Lumb (Nottingham) enquired whether there had been any attempt 
to remove the thymidine before carrying out the assays. If not, to what 
extent was the thjTnidine responsible for the growth of the lactobaciUus? 

Mr. G. E. Shaw, in reply, said that the histogram of his standard was 
identical with the histogram of the extracts, there was no marked separa- 
tion of the slow moving band. He had tried a normal downward 
development and had obtained exactly the same kind of histo<Tam It 
was owing to that slow moving band that he was besinning to wonder 
whether m an ordmary liver extract there was much free crystalline 
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vitamin Bjo. In the course of work not yet published he had examined 
liver extracts from animals treated in certain ways. Two extracts, one 
from a treated and one from a normal animal, were adjusted to the same 
nominal vitamin Bjo concentration. The normal one showed a noimsil 
crudb liver extract histogram, but the other had multiple peaks. The 
normal one gave the expected clinical response, but the second* one gave 
no response whatever. The mathematical formula used in the paper read 
by Mr. Lees was not an assay but a stipulation that a case which had 
been satisfactorily treated would on average give that response. There 
was no evidence whatever that the same dose of liver extract would give 
the same response in two patients, even if they had the same initial r.b.c. 
level. Apart from indicating that a weak liver extract was less likely to 
give the response than a strong one, he did not think that any reliance 
could be placed on the formula. 

L. leichnannii, which was more subject to oxygen tension than L. lactis, 
Dorner was difficult to maintain under aerobic conditions. It must be 
grown on a medium in which the glucose had been autoclaved. He 
exposed the medium to air for 3 or more days after manufacture in order 
to enable it to reach equilibrium. He had also used a series of tubes which 
had been autoclaved six months before, or earlier, and had obtained a 
growth response curve identical with that which he had obtained six 
months before. 

Mr. K. a. Lees, also in reply, said that as the U.S.P. authorities had 
stated that they were not prepared to accept standardisation in terms of 
vitamin B 12 . but only to accept the U.S.P. unit, it was necessary at this 
stage to incorporate the U.S.P. unit for purposes of comparison in any 
paper. He would like to thank Dr. Hartley for his suggestion with regard 
to L. lactis Dorner, ATCC 10, 697. With reference to redox potential, 
contrary to what Mr. Shaw stated, they had found that with L. le/c/i- 
mannii they could obtain satisfactory growth whether or not the medium 
was autoclaved containing glucose. They might get better growth when 
the glucose was autoclaved with the medium, but even if it was added 
as a sterile solution they still obtained the same result. The solution to 
the problem would be to determine the optimum Eh for initiation of 
growth, and to find a means of stabilising the medium at that particular 
Eh- Various methods had been suggested in the literature and they were 
examining them at the moment, particularly the effect of adding thiogl^ 
collie or ascorbic acid to the medium. Autoclaving thioglycollic acid 
and vitamin B 12 together in the basal medium might result in a simffar 
growth response to that obtained with aseptic addition of vitamin Bi: 
to a sterile medium not containing thioglycollic acid, due to the growth 
response of thioglycollic acid compensating for any destruction or 
vitamin Bj^. He did not think that it was possible to say at the present 
time whether there was any advantage in using a crude extract. 
that Table I showed that in the more refined extracts the vitamin 
activity tended to be higher than in the other extracts, though it cou 
also be just as low. 
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Both Doraer and the L. leichmannii cultures could be dried, but when 
resuscitating the culture it was 7 to 14 days before a satisfactorj’ growdh 
response could be obtained. 

They had not attempted to remove thymidine. They did a differential 
assay, determining vitamin Bi; plus thymidine and then thymidine alone, 
after alkaline hydrolysis of the vitamin Bi-. The Della Vida and Dyke 
formula was compiled from a large number of clinical tests, and so far 
had been the only scientific approach to clinical testing. As such, they 
had considered it to be the most suitable standard for their present work. 
He, personally, agreed with Dr. Hartley that 18 days was a long time for 
developing the chromatogram; they found that 24 hours was quite 
adequate. It was difficult to say whether the vitamin Bj:, content reflected 
the clinical activity. Medical opinion accepted vitamin Bi; activity as the 
total anti-anremia activiu’, but the scientific mind did not. 
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It is well known that variations in colour are found between batches of 
jquid extract of liquorice B.P. prepared from different samples of 
liquorice root. 

Colour diff'erences in liquid liquorice extracts are usually noticed in 
the dispensing of mixtures having the extracts as a constituent; the 
dilution obtained in such mixtures is often such as to bring it within what 
might be called the “ critical ” colour range. Variations in colour are 
not readily apparent until a dilution of 1 in 10 is reached, but differences 
can be detected in dispensing a number of common National Formulary 
mixtures. Thus Mistura Ammonii Chloridi contains a 15 minim dose 
and Mistura Ammoniae et Ipecacannhae Composita a 10 minim dose 
of liquid extract of liquorice; these amounts represent dilutions of 1 in 
16, and 1 in 24 respectively, and variations in the colour of the liquid 
extract of liquorice used will result in a different colour for the feal 
dispensed mixtures, which may cause comment. In an endeavour to 
trace the reasons for these variations, details of the method of prepara- 
tion have been examined, together with differences inherent in the drug 
and in the final product. 

The British Pharmacopoeia 1948 directs that unpeeled liquorice root, 
Glycyrrhiza glabra and other species of Glycyrrhiza shall be used in the 
preparation of liquid extract of liquorice. There are considerable 
differences in commercial samples of liquorice root and Wallis^ gives 
figures of 15 to 27 per cent, for aqueous extractive, dried at 100°C.; the 
B.P. excludes samples of root with a water-soluble extractive below 
20 per cent. Liquorice root of commerce is at present imported mainly 
from Anatolia, Syria or Iraq as ordrnap' or “ natural ” root; another type 
available is kuown as “ cuttings ” which are selected pieces of uniform 

TABLE I 


Analysis of commercial samples of liquorice root 


1 

1 

Pescrtption of matenal j Moisture 

Ash 

* Water-soluble 

1 extractive 
Acid-insoJubJe i (on 

ash maienal as 

1 received) 

{ per cent j 

Natural, uupeeled | | i 

Cuttings, unpeeled , | 6 

Po-^sdered decorticated* 7 w 

Cuttings, unpeeled , 9 1 

Natural, unpeeled j lO 7 

Cuttings, unpccled 8 5 

Natural, unpceled 8 J 

Natural, unpeeled ' 7 

per cent i 

4 4 ' 

5 1 ] 

3 9 

6 9 

5 4 

5 2 

7 6 i 

5 I 

per cent , 

O'* ?? 1 

0 6 6 

0 1 'll 2 

0 6 1 35 3 

0 6 ' 23-1 

0 2 , 33 1 

0 9 1 23 9 

0 3 j 21 0 ^ 

* Descnbed as '^pulv. dccort cJ'ect ” 
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Size and diameter, the length oi each piece being appro^ately 2 to 4 
inches- A selection of samples of hquorice root obtained from ‘™erent 
sources during recent years gave the analytical results shown m Table 1 

and indicate the variations to be expected. ... 

The figures ate chiefty of interest in showing the wide lanations m 
water-solWe extractive encountered in different samples of the crude 
drug; the remarkably high extractive in the single sample of commercial 
powdered decorticated root is also noteworthy. The rnethod used for 
the determination of water-soluble extractive was similar to that 
described in the B.P. 1948. 

Examination of the colouring matter 
Representative samples of each of 6 lots of liquorice root, which com- 
plied with the requirements of the B.P. 1948, were reduced to a coarse 
powder and macerated with chloroform water (5 g. root to 100 ml.) 
for 24 hours, shaking frequently. The resulting product was filtered and 
aliquot portions of the filtrate were taken for determination of the wnter- 
soluble extractive and also for recording the colour in Lovibond units 
in a Loiibond Tintometer using a 1 cm. cell. The results obtained are 
siven in Table H- 

TABLE n 


Colour values of sa.mples of uquorice root 


Sample 

Source and descnpuoQ of root 

Water- 

Lo\Tbon(i Umts using a 1 ctn cell 

soluble 

extractite 

Yellow 

Red ' -Blue i 

i 

Neutral 

A 

AjiatoUan, namml 

per cent 
35 9 

9 6 

' ) 
5 1 — 


6 

Iraq, natural 

26 9 

10 1 

6 2 — : 

, Q 1 

c 

SjTiaii, natural 

20 5 

11 0 

5 7 ~ 

0 2 

D 

AnaioUan, cuttings 

32-3 

11 5 

4 5 ~ 

0 2 

E, 

Anatolian, cuttings 

33 7 

11 0 

4 2 — 1 


F 

Anatolian, cuttings 

34 5 

U 6 

5 2 — 

0 2 


It can be seen from Table II that although the water-soluble extrac- 
tive varied from 20-5 per cent in sample C to 35-9 per cent in sample A, 
the colour of the extracts did not vary appreciably; the composition and 
mtensity of colour expressed as above were in fact relatively constant, 
despite the differences in origm and characteristics of the samples. Thus, 
under the conditiotis of experiment used, it can be concluded that the 
depth (composition and intensity) of colour extracted per unit weight 
of root appeals to bear no relation to the percentaee of water-soluble 
extractive obtainable from the material. 


Usually most samples of extract of liquorice throw' out a precipitate 
when added to acid solutions. For the preparation of liquorice extracts 
a ddute ammonia solution may be used in the process as. for example 
m the preparabon of hquorice root fluid extract, U.SJP, XTTT and Ber«r= 

bv m ammonia for the extraction of Hquorice 

by percolation. To study the effects on the resultant colour feher 
5 g. quantities of the matenals reported in Table n W'ere macerated 
=>mg a ute (I pet cent, w/w) solution of ammonia in place of chloro- 
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THE VARIATIONS IN COLOUR OF LIQUID EXTRACT 
OF LIQUORICE B.P. 
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It is well known that variations in colour are found between batches of 
liquid extract of liquorice B.P. prepared from different samples of 
liquorice root. 

Colour differences in liquid liquorice extracts are usually noticed in 
the dispensing of mixtures having the extracts as a constituent; the 
dilution obtained in such mixtures is often such as to bring it within what 
might be called the “ critical ” colour range. Variations in colour are 
not readily apparent until a dilution of 1 in 10 is reached, but differences 
can be detected in dispensing a number of common National Formulary 
mixtures. Thus Mistura Ammonii Chloridi contains a 15 minim dose 
and Mistura Ammoniac et Ipecacaunhae Composita a 10 minim dose 
of liquid extract of liquorice; these amounts represent dilutions of 1 in 
16, and 1 in 24 respectively, and variations in the colour of the liquid 
extract of liquorice used will result in a different colour for the final 
dispensed mixtures, which may cause comment. In an endeavour to 
trace the reasons for these variations, details of the method of prepara- 
tion have been examined, together with differences inherent in the drug 
and in the final product. 

The British Pharmacopoeia 1948 directs that unpeeled liquorice root, 
Glycyrrhiza glabra and other species of Glycyrrhiza shall be used in the 
preparation of liquid extract of liquorice. There are considerable 
differences in commercial samples of liquorice root and Wallis^ gives 
figures of 15 to 27 per cent, for aqueous extractive, dried at ]00'’C.; the 
B.P. excludes samples of root with a water-soluble extractive below 
20 per cent. Liquorice root of commerce is at present imported mainly 
from Anatolia, Syria or Iraq as ordinal or “ natural ” root; another type 
available is known as “ cuttings ” which are selected pieces of uniform 

TABLE I 


Analysis of commercial samples of uquorice root 


Description of material 

1 

Moisture 

Ash. 

1 Water-soluble 
j extractive 
Acid-insoluble I (oQ 

ash 1 matcnal f 

rccenTd; 

Natural, unpeeled 

Cuttings, unpeeled 

Powdered decorticated* 

Cuttings, unpecled 

Natural, unpeeled 

Cuttings, unpeeled 

Natural, unpeeled 

Natural, unpeeled 

per cenL 

8-3 

8-6 

7- 0 

9i 

10 7 

8- 5 

8*4 

7-0 

per cent. 

4*4 

51 

3-9 

6-9 

5'4 

5-2 

7'6 

5-1 

V'-oT'- 1 
: 

1 


• Described as “ pulv. decort. elect.’ 
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size and diameter, the length of each piece being approximately 2 to 4 
inches. A selection of samples of liquorice root obtained froin <Merent 
sources during recent years gave the analytical results shown m Table I 
and indicate the variations to be expected. ... 

The figures are chiefly of interest in showing the wide variations in 
water-soluble extractive encountered in different samples of the crude 
drug; the remarkably high extractive in the single sample of commercial 
powdered decorticated root is also noteworthy. The inethod used for 
the determination of water-soluble extractive was similar to that 
described in the B,P. 1948. 

Examination of the colouring matter 
Representative samples of each of 6 lots of liquorice root, which com- 
plied with the requirements of the B.P. 1948, were reduced to a coarse 
powder and macerated with chloroform water (5 g. root to 100 ml.) 
for 24 hours, shaking frequently. The resulting product was filtered and 
aliquot portions of the filtrate were taken for determination of the water- 
soluble extractive and also for recording the colour in Lovibond units 
in a Lovibond Tintometer using a 1 cm. cell. The results obtained are 
given m Table If. 

TABLE II 



Colour values of 

SAMPLES 

OF UQUORICE ROOT 






Loribond Units using a 1 

cm. cell 



Water- 





Sample 

Source and description of root ^ 

soluble 







extracii\c 

Yellow ' 

Red -Blue 


Neutral 



per cent. 


t 

1 



A, 

Anatolian, natural 

35 9 

9-6 

, — 



B. 

Iraq, natural 

26 9 

10- 1 

6-2 — 


01 

C. 

S>Tian, natural 

20 5 

n.Q 

5.7 — 


0-2 

D. 

.Anatolian, cuttings 

32-3 

11-5 

4-5 , — 


0-2 

E. 

Anatoban, cuttings 

33-7 

n 0 

4 2' — 



F. 

Anatolian, cuttings 

34*5 

U 6 

5-2 — 


0-2 


It can be seen from Table II that although the water-soluble extrac- 
tive varied from 20-5 per cent, in sample C to 35-9 per cent in sample A, 
the colour of the extracts did not vary appreciably; the composition and 
intensity of colour expressed as above were in fact relatively constant, 
despite the differences in origin and characteristics of the samples. Thus, 
under the conditions of experiment used, it can be concluded that the 
“ depth ” (composition and intensity) of colour extracted per unit weight 
of root appears to bear no relation to the percentage of water-soluble 
extractive obtainable from the material. 


Usually most samples of extract of liquorice throw out a precipitate 
when added to acid solutions. For the preparation of liquorice extracts 
a dilute ammonia solution may be used in the process as, for example 
m me preparation of liquorice root fluid extract, U.SR. Xm, and Berc'^’ 
used a menstruum containing ammonia for the extraction of liquorice 
by percolation. To study the effects on the resultant colour further 
materials reported in Table H were mac^ted 
= flute (1 per cent, w/w) solution of ammonia in place of chloro- 
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form water. The proportion of extractive obtained was determined and 

colour examined as before. The results obtained are given in 
Table III- 


TABLE nr 

Extractives and colour of extracts obtained with a dilute 
SOLUTION OF ammonia 


DJute Lovibond Units using a 0 25 cm cell 

sample of Liquonce Ammonia- _ 


Root (see Table II) ! 

soluble 

extractive 

1 

Yel/ow { 

j 

Red 

Blue 

Neutral 

( 

per cent i 




1 

A » ' 

34 S ’ 

12 3 

3 8 



B ( 

29 S 


3 5 


1 

^ ) 

21 8 

13 4 

5 5 




33 S ( 

13 2 ’ 

5 0 

1 



36 4 ' 


3 3 


1 0 - 

1 

34 5 1 

18 2 j 

4 4 


0 2 


The use of dilute solution of ammonia did not increase significantly 
the total percentage of extractive, as can be seen by comparison of the 
extractive figures for the respective samples mven in Table JJ and 
Table III. 

It should be noted, however, having regard to the smaller cell width 
used, that the intensity of colour of the extract as expressed bad been 
very appreciably increased. The question arises, therefore, whether the 
increased intensity of colour results from the extraction of additional 
coloured materials by the alkaline solution or is simply due to a darken- 
ing or “ indicator ” effect at alkaline pH values. 

A sample of aqueous extract (5 g. of liquorice root, 100 ml. of water) 
was therefore adjusted to vanous pH values by the addition of small 
amounts of either sodium hydroxide solution or hydrochloric acid and 
the colour examined (see Table IV). The pH value of the extracts 
before addition of acid or alkali was approximately 6 5. 

TABLE IV 

Effect of />h on the colour of an aqueous extract of liquorice root 


pH Value of extract 
after addition of acid or alkali 


2 0 
4 0 

6 5 

7 0 

7 5 

8 5 

9 0 
9 5 

10 0 


Lovibond Units using a 0 25 cm 
Yellow Red ) Blue 


Cloudy (solutions 


2 3 

0 7 

— 

4 0 

1 0 ' 

— 

4 9 

1 0 

— 

6 0 

1 6 

— 

9 0 

1 9 

— 

13 9 

24 , 

— 

16 0 

^ 0 



cell 


Neutral 


0 1 
0 I 
0 2 
0 j 
0 1 


In acid solutions (low pH values) precipitation occurred whi^ inter- 
fered with the examination of the colour of the liquid. It can 
however, that as the pH increased and especially on the alkaline side tJie 
extracts became considerably darker, both yellow and red componen s 
increasing in intensity. The colour obtained at each pH value was s a 
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however, and showed no significant change over a period of two days. 
It was noted incidentally that on the addition of alkali a buffering effect 
occurred between pH 8 '5 and 9'0 and the addition of a^ relatively large 
quantity of sodium hydroxide solution was required to increase the pH 
above 8-5. 

Because of the difficulty of measuring directly the colour of the extracts 
at low pH values, the effect of acid and alkali on the colour isolated 
chromatOHraphically was examined. A sample of aqueous extract of 
liquorice root was passed through a column of alumina when the colour 
was adsorbed. Washing down &e column with quantities of water then 
produced a dilute aqueous solution of the coloured materials of the 
extract substantially free from other water-soluble matter. Aliquot 
quantities of this solution were then adjusted to various pH values and 
the colour examined- The results obtained are given in Table V. 

It can be seen that there is a definite “ indicator effect *’ obtainable 
with the colounng matter from extract of liquorice, the colour being much 
lighter in acid and darker in alkaline solution. This effect was found 
to be reversible. Addition of alkali to an acidified solution quantitatively 
restored the colour, and addition of acid to an alkaline solution 
diminished the colour, which could be restored on making alkaline once 
more. 

TABLE V 

Effect of pH on the colour of an aqueous solution or the 

COLOURING MATTER ISOLATED FROM AN 'EXTRACT OF UQUQRICE ROOT 


LoNibond Units asms a 0 2S cm. cell 


pH 


2 0 
4 0 
6 5 
8 0 

9 0 

10 0 
10 S 


Yellow 


0-4 
0 8 
1 0 

1 1 

2 4 
2 7 
2 8 


Red 


Blue 


l^eutral 


0 1 


0 2 
0 1 


It wiU be realised from the results reported that, according to the 
conditions of preparation and use of liquid extract of liquorice B.P. 
so there can result variauons in the colour of the products. 

After evaporation accordmg to the official instructions a pH slishdy 
on the acid side is usually obtained, but the variation of acidity encoun- 
tered is not such as to result in appreciable variations in colour due to the 
indicator effect referred to above. Since, however, the B.P. instructs 
“ evaporate until the weight per ml. of the liquid at 20°C. is 1T9S ” it 
follows that the standardisation of the liquid extract on total water- 
soluble extractive, though entirely logical for such a product may cause 
relauvely appreciable differences in colour between extracts prepared 
froin samples of root showing a relatively high, and from those showin- 
a relatively low, water-soluble extractive. Thus, for example, a sampll 
of hquonce root giving a high water-soluble extractive will ^ive a com 
paratively large volume of final product and since, as wal shonm Tn 
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Table II, the amount of coloured materials extracted is independent of the 
water-soluble extractive of the root, the resulting preparation will be 
relatively light in. colour. Using water-soluble extractive as a criterion 
of quality of liquorice root it follows that a good quality root may, in fact, 
result in an oflicial extract relatively light in colour. The yields and final 
colours of a number of prepared samples of liquid extract of liquorice 
B.P. were therefore noted and these are given in Table VI; the recorded 
yields were obtained using B.P. quantities and the Lovibond Tintometer 
readings are for 1 in 100 aqueous dilutions of the liquid extract. These 
results show that a high yield was associated in these examples with a 
relatively low colour intensity. Having regard, however, to the variations 
encountered between laboratory and industrial methods of evaporation 
and to lack of knowledge of the influence of heat on the constituents 
of the extract responsible for its colour, it would not be justifiable to 
expect such a relationship to be applicable generally. 

TABLE VI 


CORRELATTON BETWEEN YTELD AND COLOUR FOR SA^^PLES OF UQUU) 
extract of LIQUORICE B.P. 




' Lovibond Units using a 1 cm. cell 

Example 

Yield 

YcUow Red ’ Blue Neulral 


ml. per 

' 1000 g, of root 


1 



481 ' 

14- 1 

1-7 


— 

2 



678 

7-0 

0-9 

— 

— 

3 



566 

10-5 

1-3 


— ■ 

4 



655 

7-0 

0-9 


— ■ 

5 



368 

14-2 

1-8 


— 

6 



671 1 

7-5 

0-9 


— 

7 



716 ' 

5-4 ' 

0-7 


— 

S 



569 

6-5 

{ 

0-8 

““ 



It is interesting to note that, while the British Pharmacopoeia 1948 
adopts the more logical procedure of standardisation on solid content, thus 
leading to the possibility of variations in colour according to quality of 
root used, the method of the United States Pharmacopoeia XIII will lead 
to the production of extracts varying in solid content according to the 
water-soluble extractive of root used, but the extracts obtained are likely 
to be relatively constant in colour. 

The colour measurements given in Table VI are, as mentioned, those 
obtained in aqueous dilutions only. The colour in dispensed mixtur^ 
win, of course, differ according to a number of factors as well as the pH 
of the solution; for example, the nature and concentration of the electro- 
lytes present may also cause alterations in colour. 

Certain Aspects arising during Manufacture. In the preparation of 
the liquid extract the B.P. directs that unpeeled liquorice root, in coarse 
powder, shall be exhausted by percolation with chloroform water, the 
percolate boiled and set aside for not less than 12 hours, the clear hqm 
decanted and the remainder filtered from the relatively light-wloured 
sludge present in the latter being rejected. This sludge is not J 

coloured, however, to affect the colour of the final preparation. is n 
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advisable to set aside the preparation for any length of tune at this stage, 
owm<^ to the likelihood of fermentation. In practice on the manutac- 
turins scale, evaporation may be done under reduced, pressure so that 
changes in the colour of the product due to overheating are less likely 
to occur. 

As it was thought possible that differences in the time for which the 
preparation is allowed to stand before filtration fthe B.P. states not less 
than forty-eight hours ”) might cause slight differences in the colour 
of the final preparation, the effect of time of standing was exanained. 
After standing for three weeks a small heavier layer collected, giving the 
following comparative results (1 in 100 dilution, Lovibond Units) ; 
Extract immediately after preparation: Yellow 8-0; Red 1-0 

Extract (lower layer) after standing for 

three weeks Yellow 10-6; Red 1-3 

Although, as can be seen, the lower layer was relatively more intensely 
coloured, the actual volume of this layer was small in comparison with 
the bulk of the preparation and the amount, later rejected, did not 
appreciably affect the colour of the bulk of the extract 

SUVtMARY 

1. A study has been made of the colouring matter extracted from 
liquorice root and of some of the possible causes of variation in colour 
of hquid extract of liquorice B.P. 

2. It has been shown that the colour variation occurring in samples of 
extract prepared according to the official instructions may result from 
the standardisation of the preparation on its content of total water-soluble 
extractive. 

The effect of changes in pH value on the colour of liquid extract of 
liquorice has also been investigated. 

The authors wish to thank Miss S. M. Stokes for assistance in carrying 
out the practical work, and the Directors of The British Drug Houses, 
Ltd., for permission to publish this paper. 
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DISCUSSION 

The paper was read by Mr. 3. H. Oakley. 

The Chajr,uk said that it was iDteresting to note the mcreasinn use 
ot chtomatosraphy. which was coming into a large number of S5 «kc 

and the standard textbooks made virtntAi “ hquorice root 

tvondcrcd whether the au^srd^.TS^^^elSoai'naL”? 
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the colouring matter present. Did they consider that there was any 
possibility of caramelisation of the fairly large amount of sugar present? 
That in itself would tend to account for the darker colour of the extracts 
which had been prepared. 

Dr. W. Mitchell (London) said that, although he had not made any 
colour measurements himself he assumed, by analogy with other cases 
that the red component was the dominant one in controlling the colour, 
and that the yellow was of relatively small importance. He wondered, 
therefore, whether the figures given in Table V were of any value, 
because, in exposing the material to chromatographic separation all the 
red component had been lost and one was merely measuring the yellow. 
Also, there was a buffer effect on the pH values corresponding to the 
very large change in the colour values at just about the same point. His 
experience did not confirm the wide variations in colour found by the 
authors. It was also necessary to consider the effect of contact with 
metals in large manufacture. Experiments with glass apparatus were 
not entirely realistic. A good deal might depend on the metal used in 
the plant, and even more on the heat treatment which the material had 
undergone. Caramelisation might play a very significant part in deter- 
mining the final colour of the product, and it was most important to 
avoid the risk of overheating at any stage. 

Mr. J. H. Oakley, in reply, said that the authors had no information 
about the nature of the colouring matter present. In manufacturing prac- 
tice caramelisation was not likely to be considerable, as it was customary 
to do the evaporation under reduced pressure. They had deliberately 
tried to produce a certain amount of caramelisation, and a small sample 
of extract was grossly overheated until actual charring occurred. They 
were surprised to find that very little increase in colour resulted. 

They considered that the yellow was the more dominant factor and not 
the red. The buffer effect referred to was interesting. It was possible that 
some change took place at that stage, as it was coincident with a marked 
change in colour accurring there. Dr. Mitchell’s somewhat difierent 
experience regarding the magnitude of the variation in colour might be 
because, to get a relatively constant colour, it was necessary to use the 
same type of root. If, however, roots of low and high water-soluble 
extractive were used a considerable variation in colour occurred. Though 
much of the work described had been done on a small scale in glass 
apparatus, it had also been compared with large-scale experiments done 
in large apparatus of various metals, and they had found no significant 
change in the colour. 
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ABSTRACTS OF PAPERS POBUSHED IN 
OTHER JOURNALS 


CHEMISTRY 


ANALYTICAL 

Aldehydes, Determination of, with Hydrazine. L. Fuchs and 
O. Matzke. (Scicnria pfiarnu, 1949, 17, 1.) Hydrazine sulphate may be 
used for the acidimetric determination of aldehydes, details being similar to 
that of the hydroxylamine method, with methyl red as indicator. Examples 
are given of the application to benzaldehyde, piperonal, and vanillin. 


Atropine Determination of Small Concentrations of. M. Tonne sen. 
(Ada Pharmacol. Toxicol.. 1948, 4, 186.) The colorimetric reaction of 
Vitali as modified by Allport and Wilson is recommended for the chemical 
determination of small concentrations (50 pg. or more) of atropine, although 
the substance must be fairly pure. The conditions and precautions necessary 
to make the reaction quantitative are discussed and standard curves of 
extinction and time are given. Details of a biological assay depending on the 
dilatation of the mouse’s eye are described, the technique being based on the 
method worked ouf by Pulewka (Arch exp. Palh. Pharmak., 1935, 178, 439). 
The alkaloid is injected subcutaneously into each of 10 male white mice 
in an amount that in mydnatis effect corresponds to 0-75 jig, of i-hyoscyamine 
and the pupil diameter is measured microscopically after 1 hour. Dose 
response curves are given for atropine sulphate, hyoscyamine sulphate and 
scopolamine hydrobromide. A statistical analysis of results obtained using 
less than 10 mice has been made. After a large number of determinations 
it was found t’nat a pupil diameter of 2 mm. corresponded to a minimum 
of 1-75 pg. and a maximum of 2-0 pg. of atropine sulphate. In forensic 
analysis an ether extract from an alkaline solution of the urine should be 
made evaporated to dryness, the residue dissolved in O-OOIN hydrochloric 
acid and injected. An extraction of the contents of stomach and intestines 
with O-OOIN hydrochloric acid should also be made, this procedure being 
more reliable than the “ Stas-Otto ” process. The untreated urine can also 
be injected. Amounts as small as 0-5 pg. can be determined by this method. 

R. E.S. 


Digitoxin and Digitoxigenin; Baljet Reaction. F. K. Bell and J. C. 
K r a n t z, J r. (/. 4iner. pharm. Ass., Sci. Ed., 1949, 38, 107.) The Baljet test 
was applied using the original method, in which sodium hydroxide is the 
alkali, and the modified method, in which tetraethylammonium hydroxide 
IS the alkali. The results indicate that under the conditions described there 
is no difference on a molar basis in the sensitivities of digitoxin and digi- 
toxigemn towards the reagent, particularly if aUowance is made for the 
digitoxose portion of digitoxin. If, therefore, digitoxin contaminated with 
digitoxigenin, which is physiologically less active, is assayed by the method 
described erroneously high results will be obtained. Comparison of the 
results of the two methods supported the previous conclusS?s tfiS the 

alkali ^resulted in an increase 
m the colour intensity. G R. K 
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Histamine, Microchemical Identification of Small Quantities of. 
G. D e n i g e s. {Bull. Soc. Pharm. Bordeaux, 1949, I, 87, 3.) A solution of 
histamine dihydrochloride was used to study the microcrysfalline reactions 
of histamine. A small drop of a solution (concentration, OT mg. /ml.) con- 
taining 0'0003 mg. of histamine was allowed to crystallise spontaneously in 
air, when a number of octahedral crystals and aggregates were obtained. 
These were examined microscopically and a diagram at a magnification of 
130 diameters is given. To the crystals was added a small drop of a 1 per cent, 
aqueous solution of picric acid; at the edge of this drop bundles of fine yellow 
needles of histamine picrate formed, not to be confused with the picric acid 
crystals, larger and more squat, due to excess of picric acid which crystallised 
out on standing. The presence of chloride in the evaporated crystalline 
histamine dihydrochloride can be confirmed by the addition of a small drop 
of silver nitrate solution; the precipitated stiver chloride was dissolved in 
ammonia solution and allowed to evaporate, when characteristic crystals 
of silver chloride were formed. r. e. s. 

Pamaquin, Colorimetric Detection and Determination of. J. A. 
Sanchez. {Ann. pharm. franc., 1949, 6, 495.) Three reactions are 
described. Qttinone reaction. On warming a few mg. with 2 drops of 33 per 
cent, sulphuric acid in a glycerin bath at 155° to 160°C. for 5 minutes, a 
carmine-red colour appears on the walls and bottom of the tube. This is 
soluble in alcohol (70 per cent.) and becomes violet with ammonia. Tablets 
should be extracted with alcohol before the reaction is applied. Nitrous 
acid reaction: A few mg. is dissolved in 2 ml. of alcohol (70 per cent.) and 
treated with 2 drops of acetic acid and 1 drop of 10 per cent, sodium nitrite 
solution. A red colour is produced. On diluting and extracting with chloro- 
form the colour is extracted by the chloroform. Diazo reaction. A red 
colour is produced by coupling with diazotised p-nitraniline. This reaction 
may be used quantitatively as follows; Dissolve O-Ol g. with 10 drops of 
acetic acid in alcohol (95 per cent.) to 100 ml. To 1 ml. of this solution 
0-5 ml. of diazotised p-nitraniline solution (0-5 g. of p-nitraniline and 0-5 ml. 
of sulphuric acid in 50 ml. of water) is added; to 7 ml. of this solution 1 drop 
of 10 per cent, sodium nitrite solution is added, and the mixture is shaken until 
decolorised. The volume is finally made up to 5 ml. with alcohol (95 per 
cent.). For tablets, the reaction should be applied to the alcoholic extract. 

G. M. 

ESSENTIAL OILS 

Ascaridol in Oil of Chenopodium. A. Halpern. (/. Ainer pharm. 
Ass., Sci.. Ed., 1948, 37, 161.) Ascaridol is the only anthelmintic com- 
ponent of oil of chenopodium, but the U.S.P. X, gave no standard for 
ascaridol content, other than physical constants. A method of determma- 
tion based on the oxidation of ascorbic acid in the presence of ascaridol 
and of oil of chenopodium, and subsequent back titration of the ascorbic 
acid with 2 : 6-dichlorophenolindophenol has been investigated. Uniform 
results were not obtained, indicating that some other substance in the oil 
also caused oxidation. 

EKED OILS, FATS AND WAXES 
Shark Liver Oil, Deodorisation of. P. K. M a t h e w, P. V. N a i r, T. A. 
Ramakrishnan and H. S r e emu 1 a n a t h a n. {Nature, 1948 JW, 
494.) Methods of deodorisation of shark liver oil are examined, 
treatment of the oil yields a product free from odour when fresh y p - 
pared but which reverts to its original character in a few day . 
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deodorised by agitation with fennenting milk or toddy, were io™d to 
remain bland for several months. Tables ©vmg tota with regard to the 
chemical constants, -potency, and stabiHty of oils deodonsed with fementmg 
nuik and toddy, as compared 'with those of the original oil, showed that these 
characteristics were Uttle changed in the process. Hydrogenation of the oil 
was carried out with 0-1, 0-25 and 04 per cent, of a mckel catalyst with 
promising results; 0-1 per cent, of catalyst was not sufficient to effect complete 
deodorisation within a temperature range of 100° to 180° C., but 0-25 per 
cent, of the catalyst effected fairly complete deodorisation of the oil at 120° C, 
within 30 to 45 minutes. A loss of vitamin A of about 7 per cenL was found 
althouah the keeping quality of the oil improved considerably. Increase of 
the concentration of the catalyst to 04 per cent, caused increased destruc- 
tion of vitamin A. Hydrogenation results are given in a table which shows 
that with 0-25 per cent, of nickel catalyst at temperatures between 100° and 
180°C. and reaction periods from 30 to 180 minutes, the loss of vitamin A 
increased progressively with nse in temperature and time of exposure. 


BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Biocerin. C. W. Johnson, H. D. West, H. L. Jones and. 
C. J. Long. (7. Bact., 1949, 57, 63.) The antibiotic material -was 

obtained from a culture of Bacillus cereus isolated from soil and grown ia 
a medium containing glucose, mineral salts, methionine and agar, by extract- 
ing the metabolism solution with ether and evaporating the ethereal liquid. 
The residue was insoluble in water but soluble in various organic solvents. 
The gron-th of all the following bacteria was inhibited by a concentration- 
of 1 mg. /ml. of the crude material, and all except the first three by 0-5 
mg. / ml.- — Salmonella paratyphi A and B, Sarcina lutea. Salmonella typhosa. 
Cory neb act erium diphtherice. Bacillus anthracis, B. subtilis. Staphylococcus- 
albus, Escherichia coli. Brucella suis, Aerobacter aerogenes and Neisseria 
catarrhalis. Rabbit serum caused a lowering of activity. A dose of 20 mg^ 
in liquid paraffin suspension given intraperitoneally to mice did not produce 
any toxic effects. Further investigation is considered to be warranted. 

H. T. B. 


Circulin, A New Antibiotic. F. J. Murrav, P. A. Tetrault 
O W. Kaufmann, H. Koffler, D. H. P'elerson and D r’ 
C o 1 1 n g s w o r t h. (J. Bact., 1949, 57, 305.) The antibiotic was isolated 
from an aerated broth culture of a soil organism resembling Bacillus 
circulans, but differing from almost all known strains of the latter hy giving 
a positive Voges-Proskauer reaction. The unit of activitv is defined as that 

inhibits the growth of Salmonella typhosa 
for IS hours at 37 C. m a broth contaimng 0-75 per cent, of peptone and 
0 25 per cent, of yeast extract at pH 7-2. Material of the highest potencv con- 
tained about 5000 units/mg. Circulin sulphate is exceedingly soluble in water 
less soluble in the lower alcohols and insoluble in hydrocar^s or ether R i^ 
not affected by autoclaving for 15 minutes. It is mo^ractive 
negative than against Gram-positive organisms, thus differing from alfoth^r 



AB5 1 KAC rS 


antibiotics except aerosporin and polymyxin. In general, circulin is r 
acUve than streptomycin against Gram-negative bacteria. Doses of 27 
umts/kg. subcutaneously, protected mice against 1000 minimum lethal d 
of S. typhosa; 43,200 uits per kg. intraperitoneally gave protection aga 
100 minimum lethal doses of Klebsiella pneumonia. It is less toxic 1 
aerosporin but more so than polymyxin. The LD50 in mice for a prep: 
tion about 50 per cent, pure given subcutaneously is about 150 mg./kg. 

H. T. I 

Penicillin, Antibacterial Activity of Syntfietic Compounds of. 
Brownlee and M. Woodbine. {Brit. J. Pharmacol., 1948, 3, 3( 
The compounds examined consisted of the following groups based on 
penicillamines, (2) thiazolidine-4-carboxylic acid, (3) oxazolones, (4) derr 
fives of glycine, and a miscellaneous group of intermediate and associai 
products. All the compounds were found to possess poor antibactei 
activity in vitro when compared with penicillin. Those penicillamine est' 
which were found to possess antibacterial activity were inactivated by 1 
presence of 10 per cent, of blood or serum, and their mode of action is r 
related to that of penicillin. All the active compounds, when given intrape 
toneally, were acutely toxic in small doses to mice, and none possess 
chemotherapeutic value. s. l. w. 

Penicillin, Cytochemical Action of. J. D u f r e n o y and R. Prat 
(J. Bact., 1948, 55, 525.) Agar plates seeded with Staphylococcus aureu 
Bacillus subtilis or Proteus vulgaris were incubated until the organistr 
reached the logarithmic phase of growth. Aqueous solutions of penicillin i 
the usual assay cylinders were then allowed to diffuse through the mediur 
for a period too short to permit the development of clear zones. O. 
flooding the plates with appropriate reagents inhibition zones were immedi 
ately visible. Application of Pappenheim’s stain, which differentiate 
between ribo- and desoxyribo-nucleic acid derivatives, showed that th< 
inhibition zones were free from ribo-nuclei'c acid. Application of redo> 
indicators showed that the inhibition zones bad low dehydrogenase activity 
Cobra venom behaved similarly to penicillin, and since it is known to inter- 
fere with sulphydryl groups on which dehydrogenase activity depends it is 
possible that the same mechanism is involved in the action of penicillin. 

H. T. B. 

Penicillin Effectiveness, Enhancement by Traces of Cobalt. L A. S t r a i t, 
J. Dufrenoy and R. Pratt, with V. Lamb. {J. Ainer. pliarm. 
Ass., Sci. Ed., 1948, 37, 133.) The addition of traces of hydrated cobalt 
chloride to the agar medium used in the assay of penicillin by the cylinder- 
plate method caused a pronounced increase in the effectiveness of relatively 
dilute penicillin solutions in producing inhibition zones on the plates infected 
with certain bacteria. Concentrations ranging from 0-1 to 10 p.p.m. were used 
and the effectiveness of the pencillin solution in producing inhibition zones 
was increased 4 to 8 times using Staphylococcus aureus. Similar increases 
in the bacteriostatic properties of penicillin on Escherichia coli. Bacillus 
subtilis and Proteus vulgaris were observed, P. vulgaris being especially 
•sensitive to traces of cobalt. The presence of traces of cobalt also reduce 
the threshold concentration of penicillin detectable by the cyhn er-p a e 
method to one-third or less. 
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biochemistry— GENERAL 

Vitamins, Antagonistic Action of, Histanune. R. 

P. C h a u c h a r d, and H. M a z o u e. (C. R. Acad. Set., Pans. 1948 227, 
1264.') Repeated administration of histamine produces a chronic state ot 
nervous chronaxia which may be relieved by the subcutaneous ^ministravion 
of normal doses of vitamins A, B, C, nicotinamide or rutin. Of these, only 
vitamins C and D, and rutin, all of which have an antagonistic action towarc^ 
acetylcholine, can suppress completely the chrona^c effec^ of anaphylactic 
shock. While vitamin A and nicotinamide neutralise the effects of histamine 
but not of acetylcholine, on the other hand vitamin H and inositol have a 
neutralising effect only towards acetylcholine, o. m. 


BIOCHEMICAL ANALYSIS 


Aminc-acids, Ninhydrin Reagent in Determination of, by Paper Chroma- 
tography. A. J- Landua and J. Awapara. iScience, 1949, 109, 
385.) The modified ninhydrin reagent of Awapara U. biol. Client:, 1949, in 
the press) consisting of a 2 per cent, ninhydrin solution in methyl cellosolve 
water at pH 5 (citrate buffer) and containing stannous chloride, was used to 
develop amino-acid spots on a paper chromatogram. The spots were cut 
from the chromatogram and the colour intensity was measured using a 
Beckman spectrophotometer at 570 mu. A table is given showing density 
readings obtained at various concentrations for solutions of glutamic acid, 
aspartic acid, glycine and alanine; in all cases the colour density was a straight 
line function of the concentration. The greatest source of error in this 
procedure was the filter paper which gave blank, readings ranging from 
0-070 to O-IOO; this range of 0-030 units indicated an error of about 7 per 
cent, on a determination of 10 pg. of amino nitrogen. Analyses carried out on 
the same sheet of paper could, however, be reproduced with variations of 
about 1 to 2 per cent. In this connection the best results were obtained 
when an aliquot of the coloured solution was removed from the tube and 
made up to a convenient volume, thus avoiding the diffic-alt removal of all the 
colour on the filter paper remaining in the tube. The amount of colour 
adsorbed on the filter paper was constant. r. e. s. 


Insulin, Determination of Protein in. H. Cordebard and J. 
Schneider. {Ann. Pharm. franc.. 1949, 6, 542.) To 10 ml. of a solution, 
corresponding to 100 I.IJ., 1 ml. of 5 per cent, solution of sodium tungstate 
is added, then 1 ml. of N sulphuric acid containing 20 per cent, of sodium 
sulphate. The mixture is centrifuged, and the residue, after washing, is 
heated for 15 minutes on the water bath with 2 ml. of N potassium dichromats 
and 5 ml. of concentrated sulphuric acid. After cooling and dilution to 
150 ml., potassium iodide is added and the mixture is titrated with 0-lN 
sodium thiosulphate. In calculating the precentage of insulin protein, 1 ml. 
of 0-lN solution is taken as equivalent to 0-75 mg. of insulin. G. m. 


Subtilin: Microbiological Assay. R. D. House w right R J 

^ ^ 545.) Details are ^ven 

of a filter-paper disc m^hod for the assay of subtilin using Bacillus cerem 
f o^eamsm. The medium used consisted of Difeo ueptone, beef 
of ^Sar, and it was found necessary to add 2 per cent 

of sodium chloride and to adjust the pH to 6-4 with hydrochloric add 
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of blood and more than 12 per cent, of serum. With the procedure described 
the error of assay is approximately + 5 to 10 per cent., depending on the 
number of dilutions of the unknown falling within the range of the standard 

H. T. B. 

CHEMOTHERAPY 

(Estrogens related to Triphenylethylene. W. Tadros, K. Farahat 
and J. M. Robson. (7. chem. Soc., 1949, 439.) A number of new 
triphenylethylene derivatives have been prepared and their oestrogenic activity 
has been studied by the method of Robson {Quart. J. exp. Physiol., 1938, 28, 
195). The compounds were prepared by addition of different pp'-disubsti- 
tuted benzophenones to an ethereal solution of p-chlorobenzylmagnesium 
chloride and decomposition of the product with aqueous ammonium chloride, 
when the corresponding carbinols were obtained. Dehydration of the 
carbinols gave the triphenylethylenes. The compounds were dissolved in 
olive oil and the oestrogenic activity was examined on injection subcutaneously 
and on administration orally by a stomach tube into groups of 5 ovariecto- 
mised mice. 


Time required por cestrogenic activitv to pall to half 



1 

2 

3 

4 

5 

6 

7 

8 


9 

10 


11 


I : I-DipfieayI-2-p-bromophenyfeihyfcnc 
2*BroQio-I : l-dipheQyI-2*/>*bromophcnyIethyIeDe 
2-Bromo-l : l-diphenyl-2-p*chlorophcoylcthyIcne 
BromotrirP-clUorophenylethylene 

2-Bfomo-2-p-chIorophenyl-l l-di-p*bromopbenylethylene 
2-Bromo-2-p-chlorophenyl-l . l-di-p-iodophenyletbyleae 
2-;vchlorophenyI-l , l-di-p-methoxyphenylethylene 
2-Bromo*2-p-chIorophenyM ; I-di-p-rnethoxyphenylethylene 

»» it »» »» 

2-p-Chlorophenyl-l * 1-di-p-ethoxyphcnylethyleoe 
2-Bromo-2-p-chloropheDyl-l , l-di-p-ethoxyphenylethylene 


2-Bromo-2-phenyI-l * I-di-p-ethoxyphenyleihylene 


1000 

2 

1000 

56 

100 

11 

sooo 

5 

sooo 

10 

5000 

10 

1000 

3 

too 1 

5 

10* 

slight 

100* 

12 

1000 

shght 

100 

3 

10* 

3 

100* 

16 

10* 

7 

50* 

21 

500* 

38 


* Compounds in solution in olive oil administered orally by a stomach tube into groups of 5 on anectom- 
ised mice In all other cases compounds in solution m olive oil were injected subcutaneously into groups 
of 5 ovanectomised mice 


The time required for the oestrogenic activity of compounds 8 and 10 to 
fall to half was shorter than that of the corresponding compounds with a 
phenyl group only on the ethylene 2-carbon atom. At the dose level 
employed the compounds 4, 5, and 6 were active in contrast to the corre- 
sponding compounds with no halogen m the phenyl group, which were 
inactive. R e. s 

(Estrogens, Synthetic, related to Triphenylethylene. W. Tadros. 
{J. chem. Soc., 1949, 442.) Heating di-p-benzyloxyphenylbenzyl- 

carbinol and 2-phenyl-l : l-di-p-isopropoxyphenylethylene in vacuo in the 
presence of a trace of sulphuric acid, or refluxing the solution in acetic acid 
in the presence of sulphuric or hydrobromic acids yielded 2-phenyI-I : I-di- 
p-hydroxyphenylethylene. 2-Bromo-2-phenyl-l : l-di-p-hydroxyphenylethylene 
and its diacetate (which can be obtained by bromination of 2-phenyM : I-di- 
p-acetoxyphenylethylene) were found to be highly active cestrogenic com- 
pounds when injected subcutaneously into ovariectom*'’'*^ mmR mtm er 
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of new triphenvlchloToethvknes were prepared by chlormation of the 
corresponding ethylenes;- di-p-e/hyltbiophenylbenzNdcarbinol di-;,-n- 

propvlthiophenvlbenzs’lmagnesium chloride were obtained by adding the 
appropriate ketone to the ethereal solution of benzs-lmagnesium chloride. 


PHARMACOGNOSY 

Aloes, Preparation of Powdered. 1. W. S p o 0 n and \V. M. S e s s e I e r. 
{Pharm. Weekbl 1949, 84, 241.) The authors give a description of the 
method used in the Dutch AntiUes (including Curacao) for the preparation of 
aloes. The boiling of the juice is carried out in copper kettles, but it is not 
possible to control the process properly, so that some decomposition probably 
occurs. A sample of the sap, preserved with chloroform, and transported in 
cold storase, was obtained. The liquid showed a considerable amount of 
sediment, which redissolved on warming: the density' was 1‘0911, and the 
soEd content 25-5 per cent. The Equid was spray dried at a temperature 
of 71° to 74°C. The powder obtained contained 2-4 per cent, of water, was 
tighter in colour, and more soluble than the ordinary block, aloes, while it 
satisfied all official requirements. It was hygroscopic, but did not cake unless 
the humidity of the atmosphere exceeded 70 per cent. G. M. 


PHARMACOLOGY AND THERAPEUTICS 

Curare, Antagonism of by Congo Red and Related Compounds. C. J- 
K e n s 1 e r. (7. Pharmacol., 1949, 95, 28.) The anticurare actitih’ of Congo 
red has been examined by using pure dAubocurarine chloride and tivo pure 
erythrina alkaloids, /3-erjthroidine hydrochloride and dihydro-jS-erythroidine 
hydrochloride, Congo red and the related dyes, Evans blue and chlorazol 
fast pink prevented paralysis in the frog when d-tubocurarine chloride in 
doses up to 10 mg. /kg. is used as the curarising agent, but no protective 
action was observed when the eridhrina alkaloids were used. Congo red 
also shortened the recovery time of frogs paralysed with d-tubocurarine 
chloride; it also prevented the inhibition by d-tubocurarine of the response 
of the isolated frog rectus abdominus muscle to acetj’lcholine and incubation 
with Congo red potentiated the response of this muscle to acetylcholine. In 
contrast to the protection afiorded by Congo red when the erythrina alkaloids 
were used complete inhibition of the acetv’kholine response was obtained, 
even though Congo red was present throughout the exposure to the alkaloid! 
Congo red was found to be a moderately potent inhibitor of frog brain 
cholinesterase activity in vitro but in vivo it did not measurably inhibit activit^^ 
Related comporads varied in their anticholinesterase activity', some being 
moderately active inhibitors in vitro, but lack of any obvious correlation 
between this property' and anti-curare activity, the lack of effect in vivo, and 
failure to exert any anti-curare activity' with the ery'thrina alkaloids indicated 
that the anti-curare activity' of the azo dyes is not due chiefiv to their anti- 
activity'. Evidence is presented which indicates that 

Sn^nri ^ complcx wMch is solublc or insoluble 

depending on the ratio of the two substances. The evidence which sunnorts 

d compound^^areffSe aS 

d^ubocurarme because of a reaction with d-tubocurarine rather than an 
aaion on a fonaoaal o„„po„a„, “ 

S. L. W. 
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of blood and more than 12 per cent, of serum. With the procedure described 
the error of assay is approximately ± 5 to 10 per cent., depending on the 
number of dilutions of the unknown falling within the range of the standard 
curve. H. T. B. 

CHEMOTHERAPY 

(Estrogens related to Triphenylethylene. W. Tadros, K. Farahat 
and J. M. Robson. (/. chem. Soc., 1949, 439.) A number of new 
triphenylethylene derivatives have been prepared and their oestrosenic activity 
has been studied by the method of Robson (Quart. J. exp. Physiol., 1938, 28, 
195). The compounds were prepared by addition of diiferent pp'-disubsti- 
tuted benzophenones to an ethereal solution of p-chlorobenzylmagnesium 
chloride and decomposition of the product with aqueous ammonium chloride, 
when the corresponding carbinols were obtained. Dehydration of the 
carbinols gave the triphenylethylenes. The compounds were dissolved in 
olive oil and the oestrogenic activity was examined on injection subcutaneously 
and on administration orally by a stomach tube into groups of 5 ovariecto- 
mised mice. 


Time required for oestrogenic activity to fall to half 


No 

Substance 



1 

1 : l-DiphenyW-p-bromophenylethylcne 

1000 

2 

2 

2-Bromo-l : l-dipfaenyI-2'P-bromophenylethyIene 

‘ 1000 

56 

3 

2-BrciiBo-l ; l-djpbenyl-2-;>-chloropheoylethy3ene 

, 100 

11 

4 

Bromotri'p-chlorophenylethylene 

1 5000 

5 

5 

2-Bromo-2-j>chlorophenyM , l-di-f>-bromophenyleth>lene 

I 5000 

10 

6 ' 

2-Bromo-2-p<hlorophenyl-l l-<ii*p-iodophenylethylene 1 

5000 

' 10 

7 

2-/><lilorophenyl-l : 1-diTP-methoxypbenylethylene » J 

lOOO 

3 

8 

, 2-Bromo-2-i>chlorophenyM : 1-di-p-raethoxj'phenyletbylcne 

100 

I0‘ 

100* 

5 

slight 

12 



9 

2-p-Chlorophcnyl-l l-<ii-p*ethoxj’phcnyleih>Iene 

1000 

slight 

10 

2-Bromo-2-p-ctilorophenyH : I-(ii-p-ethox>’pbcnyIethyIene i 

♦ » M *» ♦» 

100 ' 
10 * 
100* 

3 

3 

16 

11 

2-Bromo-2-pbenyl-l * l*<ii-p-ethoxyphenyIeihyIene 

10 * 

50 * 

500* 

1 

7 

1 

1 

:: :: i 

38 


• Compounds ui solution in ob\e oil administered orally by a stomach tube into groups of 5 o\anectoni- 
ised truce In all other cases compounds m solution in olive oil \Nere injected subcutaneously into groups 
of 5 o\ anectomised mice 


The time required for the oestrogenic activity of compounds 8 and 10 to 
faU to half was shorter than that of the corresponding compounds with a 
phenyl group only on the ethylene 2-carbon atom. At the dose level 
employed the compounds 4, 5, and 6 were active in contrast to the corre- 
sponding compounds with no halogen in the phenyl group, which were 
inactive. ^ 

(Estrogens, Synthetic, related to Triphenylethylene. W. Tadros. 
(J. chem. Soc., 1949, 442.) Heating di-p-benzyloxyphenylbenzyl- 

carbinol and 2-phenyl-l : 1 -di-p-wopropoxyphenylethylene in vacuo m the 
presence of a trace of sulphuric acid, or refluxing the solution in acetic aa 
in the presence of sulphuric or hydrobromic acids yielded 2-phenyl-l : 1-di- 
p-hydroxyphenylethylene. 2-Bromo-2-phenyI-l : 1 -di-p-hydroxyphenyle hylene 
and its diacetate (which can be obtained by bromination of 2-phenyl- . - i- 
p-acetoxyphenylethylene) were found to be highly active 
pounds when injected subcutaneously into ovariectomised mice. n 

726 -■ ~ 



CHEMOTHERAPY 


of new triphenylchloroelhyknes were prepared by chlormabon of the 
corresponding ethylcnes;- di-p-er/iylthiophenylbenzylcarbinol and di-p-n- 
propylthiopbenyibenzylmagnesium chloride were obtained by adding the 
appririate ketone to the ethereal solution of benzylmagnesium chloride. 


PHARMACOGNOSY 

Aloes, Preparation of Powdered. I. W. S p o o n and W. M. S e s s e 1 e r. 
{Pharm. Weekbl 1949, 84, 241.) The authors give a description of the 
method used in the Dutch Antilles (including Curacao) for the preparation of 
aloes. The boiling of the juice is carried out in copper kettles, but it is not 
possible to control the process properly, so that some decomposition probably 
occurs. A sample of the sap, preserved with chloroform, and transported in 
cold storage, was obtained. The liquid showed a considerable amount of 
sediment, which redissolved on warming; the density was T0911, and the 
solid content 25-5 per cent. The liquid was spray dried at a temperature 
of 71° to 74°C. The powder obtained contained 2-4 p^r cent, of water, was 
iighler in colour, and more soluble than the ordinary block aloes, while it 
satisfied all official requirements. It was hygroscopic, but did not cake unless 
the humidity of the atmosphere exceeded 70 per cent. G. M. 


PHARMACOLOGY AND THERAPEUTICS 

Curate, Antagonism of by Congo Red and Related Compounds. C. J. 

K e n s 1 e r. (/. Pharmacol., 1949, 95, 28.) The anticurare activity of congo 
red has been examined by using pure d-tubocurarine chloride and two pure 
erythrina alkaloids, /S-erythroidine hydrochloride and <lihydro-/3'erythroidine 
hydrochloride. Congo red and the related dyes, Evaijs blue and chlorazol 
fast pink prevented paralysis in the frog when d-tubocurarlne chloride in 
doses up to 10 mg. /kg. is used as the curarising ag^nt, but no protective 
action was observed when the erythrina alkaloids were used. Congo red 
also shortened the recovery time of frogs paralysed with d-tubocurarine 
chloride; it also prevented the inhibition by d-tubocutarine of the response 
of the isolated frog rectus abdominus muscle to acetylcholine and incubation 
with Congo red potentiated the response of this muscle to acetylcholine. In 
contrast to the protection aSorded by congo red when the erythrina alkaloids 
were used complete mhibition of the acetylcholine response was obtained, 
even though congo red was present throughout the exposure to the alkaloid. 
Congo red was found to be a moderately potent inhibitor of frog brain 
^olinesterase activity in vitro but in vivo it did not measurably inhibit activiti' 
Related compomds varied in their anticholinesterase activity, some being 
mo erate y active inhibitors in vitro, but lack of any obvious correlation 
ilwV "" anti-curare activity, the lack of efiect in vivo, and 

that erj-thrina alkaloids indicated 

cholitste™^“?'r dyes is not due chiefly to their anti- 

d tuhoeu^- IS presented which indicates that 

a complex which is soluble or insoluble 
?he Shesk fL? n Tfae evidence which supports 

d-tubocurarine became“of eflective against 


an 


s. L. w. 
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Diparcol in Parkinsonism. R. S. Duff. {Brit. med. J., 1949, 1, 613.) 
Diparcol, a proprietary brand of diethylammoethyRN-thio-diphenylamine 
hydrochloride, was employed in the treatment of 8 cases of post-encephalitic 
chronic Parkinsonism of varying degrees of severity. Starting with small 
doses the amount was gradually increased up to 1 g. daily by mouth, and this 
dose continued for a period of 10 weeks until significant benefit was obtained, 
after which the dose was varied by small amounts to suit the requirements of 
the patient. It was found that treatment with two 0-25 g. tablets on awaken- 
ing, followed by one tablet at noon, and one at about 5 p.m., brought the 
greatest reduction of rigidity, Diparcol seemed to offer some advantages 
over the fropine series of alkaloids (e.xemplified by stramonium), and all 
the patients derived a little benefit as compared with previous treatment. 
Improvement in the feeling of well-being was noteworthy in several of the 
patients. Oculogyric crises were not significantly reduced. Hypersalivation 
was not well controlled in 4 of the cases, in which the addition of small 
doses of belladonna became necessary. Undesirable effects in some patients 
included faintness, paraesthesiae, transient blurring of vision, undue drowsi- 
ness. There was a tendency for the white cell count to fall to 4000 per c.mm. 
during the initial weeks with a subsequent rise to former levels. A method 
of recording and evaluating the results of treatment of patients with chronic 
disorders of locomotion is described. s. L. W. 

Di-isopropyl Fluorophosphonate (D.F.P.) in Surgery. J. P. Q u i 1 1 i a m 
and T. A. Q u i 1 1 i a m. (Lancet, 1949, 256, 603.) The use in post- 
operative paralytic ileus is illustrated in 12 successfully treated cases. It 
should be used as a supplement to other measures, 2 to 4 mg. being given 
by intramuscular injection, and the dose repeated after 12 to 24 hours if 
defaecation has not occurred. If the case is very urgent a maximum of 2 mg. 
may be given 4 hours after the first dose. It is more certain in its action on 
paralytic ileus than neostigmine and does not give rise to the unpleasant and 
sometimes dangerous side-effects which may attend the use of posterior 
pituitary extract, while the beneficial effects seem to last longer than those 
of either of these drugs. It was also used successfully in 5 cases of post- 
operative abdominal distension and 4 cases of intestinal obstruction and in 
post-operative retention of urine. As a simple biological test to assess potency 
a small measured volume is instilled into the right conjunctival sac of a rabbit, 
and a similar volume of a standard solution into the left sac. A comparison 
of the mean pupil diameters under constant conditions of illumination made 
at 10 minute intervals during the hour following administration will indicate 
the potency of the sample against the standard. There was little, if any, loss 
in potency of an arachis oil solution after storage for up to 2 years at room 
temperature. s. L w. 

Hexa-ethyltetraphosphate, Toxicology' and Pharmacology of. S. 
Forssling. (Acta Pharmacol. Toxicol., 19481 4, 143.) Comparative 
toxicity tests on hexa-ethyltetraphosphate with and without atropine 
prophylaxis were carried out on the mouse, rat, guinea-pig, rabbit, and cat. 
The administration was subcutaneous, also percutaneous for the rat and 
guinea-pig, and oral for the rat. The inhibitive action of hexa-ethyltetra- 
phosphate on acetylcholinesterase was demonstrated by recording the blood 
pressure. The LD50 by subcutaneous administration was: for mouse 0-9, 
rat 0-7, guinea-pig 2-2, rabbit 2-0-2-5 and cat 2-5-3-0 mg./kg. In the rat the re- 
lation between LD50 by subcutaneous, oral and percutaneous administration 
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was l-’o-SS. Certain animals, particularly mice are more prot^ted than 
others with atropine prophylaxis. The mortality is hardly _rtduced m the rab- 
bit although the sursdval time is considerably prolonged. Tne gumea-pig and 
rat after atropine, tolerate a 3-fold increase in the dose of hexa-etnyltrtra- 
phosphate. With di-isopropylfluorophosphate and hexa-ethlytetraphosphate 
the animals investigated seemed to be better protected by magnesnm sulphate 
and atropine than W tropine alone; physostigmrae m large doses after a smaU 
dose of atropine save the best protection. The inhibition of acemcholine- 
esterase is essential for the toxicity, in the cat this inhibition can be demon- 
strated in VIVO by recording the momentary decrease in blood pressure after 
an intravenous injection of acets'lcholineesterase before and after the adminis- 
tration of hexa-ethyltetraphosphate. The nicotine but not &e muscarine 
activity in hexa-ethyltetraphosphate poisoning is eliminated in the cat by 
urethane narcosis, resulting in a considerable increase in tolerance. 


O P Q 


Paludiine, Some Pharmacological Actions of. I. R. V ane. (Bni. J. 
Pharmacol 1949, 4, 14.) The LD50 for acute intravenous toxicity in mice was 
22 mg. /kg., this figure being calculated after observing the mice for 72 hours 
after the injection; the simultaneous injection of neostigmine increased the 
immediate toxic effect. Paludrine antagonised the action of aceft'lcholine or 
of vagal stimulation; it inhibited the contractions of the isolated frog rectus 
muscle and guinea-pig ileum and abolished the action of acetylcholine on 
isolated rabbit auricles; it decreased the response of the cat's intestine to vagal 
stimulation, and caused depression of respiration in the rabbit It 
lengthened the refractory' period of auricular tissue and had a curariform 
action on the cat sciatic-gastrocnemius. the rat phrenic nerve-diaphragm, 
and the perfused superior cervical gan^on preparations, Paludrine caused 
vasodilatation of the perfused dog hind leg, and in the cat this dilation was 
reduced by antihistamine agents, suggesting that paludrine might release 
histamine from the tissues. If this is so it presents a difficulty' in assessing 
the relationship betn-een paludrine and histamine: whereas paludrine in- 
hibits gastric secretion evoked by histamine, and reduces the response of 
isolated guinea-pig ileum to histamine, it potentiates the action of histamine 
on guinea-pig lungs. On the other hand, antihistamine agents, which abolish 
the effect of histamine in most hormones but potentiate the gastric secretion 
caused by histamine, reduced the action of paludrine on the systemic vessels. 

S. L. W'. 


PeniclUin, Radioactive, Investigations with. P D Cooper an 
p. Ro wley {Nature, 1949, 163, 480.) A ptnirfUin uptake w'as detect, 
by countmg thm films of bacteria. Bacteria were suspended under v'ario, 
conditions m radioactive penicillin solutions, centrifuged, washed and ti 

by Geiger counter, the uptal 
^ penicillin per g. of dry weight of the ceUs ^Tl 

^nicillm uptake was small, from a ma.ximum of 40 uffits /g. of dr\' weig’ 
to the smallest detectable amount of 0-5 um'ts /g. depending on tk strn 
of tne organism and on the conditions of e.xperimenr It I'as 

^ ^ presence of penicillin althouc 
by coohng, or with dead cells, theifwas still a ^ 
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but smaller uptake. The penicillin was strongly and irreversibly attached 
to the cells and could not be removed by washing or by incubation for 
30 minutes with OT per cent, of cetyltrimethylammonium bromide or 
Aerosol OT,” 5 per cent, of phenol, 1 per cent, of cysteine, 1 per cent, of 
sodium hydroxide, N hydrochloric acid, 1 per cent, or glucose or with ordinary 
penicillin (200 u./ml.), although it was removed by heating for 5 days at 
60°C. in water. The uptake of penicillin was not prevented by pre-treat- 
ment with 3 per cent, of formalin, OT per cent, of cetyltrimethylammonium 
bromide, OT per cent, of euflavine, N hydrochloric acid, or by autoclaving, 
but heating for 5 days at 60 °C. in water or pre-treatment with penicillin 
or acetic anhydride completely prevented any uptake. It is clear that 
rapid growth exposes more centres in the bacteria with which the penicillin 
can react. res 


Penicillin: Single Daily Dose in Treatment of Pneumonia. W. Wei ss 
and I. Steinberg. {Amer. J. med. Sci-, 1949, 217, 86.) Thirty consecu- 
tive pneumonia cases were treated by a single daily injection of 300,000 
units of penicillin G in aqueous solution. Treatment was continued for 
from 4 to 13 days, usually from 5 to 7 days. In 18 cases, the temperature 
dropped to normal by crisis within 12 to 36 hours. In 9 patients the tem- 
perature feU by lysis, and longer treatment, up to 13 doses, was necessary. 
Of the remaining 3 patients, in one the condition was due to Streptococcus 
viridans and failed to respond; the other 2 terminated fatally, although in 
both cases the lobe involved was sterile. The results are considered to be at 
least as good as reported by others using smaller doses at more frequent 
intervals. H. t. b. 


Stramonium Powders, Investigations into the Alkaloidal Content of 
Smoke from. P. Terp. (Acta Pharmacol. Toxicol, 1949, 4, 135.) The 
amount of tropa-alkaloid present in the smoke from burned stramonium 
powder has been investigated. The smoke was absorbed in a series of 
absorption bottles containing dilute hydrochloric acid and the final estimation 
of tropa-alkaloids was made on a biological basis, using Pulewka’s method, 
(Arch. exp. Path. Pharmak., 1932, 168, 307) by measuring the pupil dilation 
of the mouse’s eye. This gave an indication of how much biological activity 
present in the starting material had been recovered in the smoke, but not how 
much was due to atropine and hyoscyamine respectively; nor did it give 
information as to whether the burning caused racemisation. It was fou^“ 
that 8 to 11 per cent, of the amount of alkaloid in the starting material (as 
atropine sulphate) was present in the smoke. Less than 1 per cent, remaine 
in the ash. Experiments on mice showed that the greater part of the alkaloi 
entering the respiratory organs with the smoke, was absorbed. R- e- S- 


Streptomycin in Non-tub erculous Infections. P. H. Buxton, R- D- 
Simon and F. R. Selbie. (Lancet, 1949, 256, 729.) This is a report 
on the treatment of 67 cases of infection by organisms insensitive to m 
sulphonamides and penicillin but sensitive to streptomycin. These me u 
44 cases of urinary infection, chiefly by Pseudomonas pyocyanea an 
Bacterium coli, 14 cases of wound infection, mainly by Stapyhcoccus py - 
genes, and 9 miscellaneous infections. A dosage of 3 g. of , 

daily for 4 days in urinary infections due to a susceptible organism is i 
to cure about one-third of the cases, provided there is no- mecham - 
struction to drainage; aU patients in whom the iafectwg orga ^ 
eliminated had sterile urine within 72 hours, and usually within 
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of startino treatmeat, any organisms still present after 72 hours showing 

,0 Womvcin, In the 

to staphylococci tjie results were promising, of 14 patients treated 10 were 
curedLd 2 improved. The usual dosage was 4 g. daily for 2 days, f^ed 
by 2 s. daily. In superficial infections a powder consisting of streptomycin 
1 g., penicillin 45,000 units, and suphathiazole 9 g. was also given locally 
by insufSation every 3 or 4 hours to .give a total daily dosage equival^t to 
1 g. of streptomycin. If no improvement occurs in these cases within a 
week of starting streptomycin, further treatment by surgery to eliminate 
inaccessible foci of infection and provide adequate drainage should be con- 
sidered. Side-reactions occurred in less than one-third of the cases, and in 
only 3, where there was severe vestibular disturbance, were they of serious 
significance. 


Strychnos lucida, Alkaloids of. F. H. Shaw and I, S. de la Lande. 
{Austral. I. exp. Biol. 1948, 2d, 199.) Strychnos lucida is an Australian 
Strychnos species closely related to Strychnos nux vomica. In the present 
investigation the presence of strychnine (approximately 0-3 per cent.) and 
brucine (1-5 to 2-4 per cent.) in the seed has been confirmed by their 
isolation, and their probable presence in the leaf and bark indicated by assay 
data, ha addition, non-strychnine-brucine alkaloid fractions have been 
isolated from the seed and leaf. These have been tentatively called lucidine- 
S and lucidine-L respectively. These alkaloid fractions are both amorphous 
and have similar solubilities to brucine. Both were isolated in small quan- 
tities from the plant by a method which is described, and both appear to 
be identical, though owing to the inability to isolate the bases or their salts 
in a crystalline condition it is not known whether they are homogeneous or 
not. The pharmacological investigation of lucidine-S was restricted to 
toxicity tests on mice and rabbits, which indicate that the intravenous LD50 
is greater than 250 mg. /kg. and 60 mg. /kg. for these animals respec- 
tively. Toxic doses in mice produced st^chnine-like convulsions. The 

tbucity of lucidlne-L is of the same order as that of lucidine-S and 
toxic doses produced similar strychnine-like convulsions; it does not show 
any marked physiological activity. In anssthetised cats and dogs (10 
mg. /kg.) it produces a fall in blood pressure similar to that produced by 
brucine. c t w 


BACTERIOLOGY AND CLINICAL TESTS 

2;4.DiAloroplienyosyacetic Add, Differential Effects of, on Aerobic 
Anaerobic and Facultative Anaerobic Micro-organisms. A. Worth Jnr * 
and A. M McCabe. (Science, 1948, 108, 16.) This substance is biologically 
recognised as an auxin or growth-regulating substance. It is known to have 
bacteriostatic and bactenadal properties, and to inhibit growth of typically 
aerobic s^ds, such as barley seeds, but not the growth of seeds like those of 
rice, which are able to germinate in the absence of oxygen. To demonstrate 
Se concentrations of 2 ; 4-dichlorophenoxyacetic acid m 

^Continued on page 733 
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MATERIA MEDICA. PHARMACY, PHARMACOLOGY A. 
THERAPEUTICS, by W. Hale-White, 2Sth Edition, revised by A. H. Doi 
watte. Pp. 507 with Appendix and Index. J. & A. Churchill, Ltd., Lond 
1949. 16s. Od. 

There are many books which attempt to present the subjects of mate 
medica, pharmacology and therapeutics in a form acceptable to the stud 
and to the medical practitioner. The most frequent criticism of si 
publications is that they either provide too much or too li' 
inforrnation. Probably the chief fault of a book such as Ha 
White’s “ Materia Medica ” is that the concise nature of the text di 
not afford a fuller presentation of the available evidence on the pharmai 
logical action of drugs. This does not permit discussion of some aspei 
of the subject where it is perhaps desirable to distinguish between opinio 
arising from conjecture and statements based on fact. In conformity with t 
traditional nature of the book there is a comprehensive list of the drugs a 
preparations described in the British Pharmacopoeia. For the student 
pharmacy this may be a desirable feature, but it is doubtful whether ti 
medical student can derive much benefit from such an array of nams 
except as a dictionary of reference. He might well be puzzled regarding ti 
necessity for a strong tincture and a weak tincture of ginger; a strong and 
weak solution of ammonium acetate; a liquid extract, two infusions and 
tincture of senega, especially when in the latter instance the text indicati 
that they are only occasionally used as expectorants. A text-book which i 
the course of over half a century has provided on the average a revise 
edition every second year, requires no further comment on its popularit; 
The 28th edition of this book incorporates all the numerous changes in tb 
drugs and preparations resulting from the appearance of the Britis 
Pharmacopoeia of 1948, Andrew Wilson. 

GRUNDLAGEN DER PHARMAKOLOGIE. by K. W. Men. Pp. 27 
and Index. Wissenschaftliche Verlagsgesellschaft M.B.H. Stuttgart, 1948. 

Professor Merz, who W'as formerly Director of the Institute of Pharma 
ceutical Chemistry in the University of Konigsberg, has completed the fourtl 
edition of his text-book of Pharmacology. It is primarily intended foi 
pharmacists, chemists and biologists, and if chemical formute might b£ 
regarded as an inducement to the reader, there is much to attract his atten- 
tion. The book is divided into 18 chapters which permits a systematic and 
quite comprehensive treatment of the subject. The first three chapters consi^ 
of a general discussion of definitions, types of pharmacological action and 
the mechanism of drug action. In the remaining sections the action and uses 
of drugs are discussed in relation to the systems of the body, in much the 
same fashion as in Clark’s “Applied Pharmacology.’’ There is a concise 
description of the anatomy, and physiology, and where appropriate, of the 
pathology relevant to each such system. A very useful chapter deals nit 
the toxicology of the common organic solvents and gases. On the who e 
the account of the pharmacological actions is sound though in some instances 
the author appears content to concern himself only with what happens in e 
frog and not in the higher species, particularly in man. It is desnable also 
to indicate more clearly that the parasympathomimetic drugs do not stimuia e 
nerve endings, though their action resembles this effect. The book is \ 
illustrated with chemical formulas, line drawings and photographs ot ong 
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tracinas. It is unfortunate that the quaUty of the paper rs poor and does not 
permit a reasonable reproduction of those photographs which are mten e 
to display characteristic clinical features. In some instances the efiecl is 
spoiled by lack of defimtion in which important detail is not clearly visible. 
For those to whom the German language presents no difficulties the book 
is well worth reading; others may prefer to await a suitable English translation. 

Andrew Wilson. 


BENTLEY’S TEXTBOOK OF PHARMACEUTICS, by Harold Davis. 
Pp. xiv — 1100 and Index. Fifth Edition. BaUliere. Tindall & Cox, London, 

1949. 30s. net. . . 

While welcoming the fifth edition of Bentley and recommending it to all 
students of pharmacy as an essential text-book, one wonders whether it is in 
fact possible to produce successfully in one volume, a satisfying account of 
the ver%' numerous pharmaceutical phenomena, together with their explana- 
tions, descriptions of machinerr- and their uses, dispensing of medicines, 
surgical dressings, bacteriology, immunology, and pharmaceuticals even in 
1100 pages. The numerous references to the original literature without which 
no modem text-book is of value, help in some measure to ease the path of 
the earnest student, but many of the less critical students will neglect the im- 
plied advice of the authors to read widely and the curriculum does not allow 
much time for work in the librari'. Having said this, in the hope that Dr. Davis 
and his collaborators will feel only partially satisfied with their efforts and 
from their wide expenence and knowledge will be inspired in the near future 
to produce a series of volumes consisting of the sections of the present 
volume each expanded to a volume of its own. congratulations are extended 
to the authors for the accomplishment of a really formidable task and 
encouragement is offered to go even further. Such a work would help to meet 
the needs of cntical students of whom there is an ever-increasing number. 

The volume is well printed by modern British standards and is freely 
illustrated. Many of the illustrations are excellent but some of the photo- 
graphs have not reproduced well and as sources of information the sketches 
on pages 489 and 490 would convey little to one not already familiar with the 
equipment concerned. The proof reading has been well done although the 
reference to chapter LXXVI on page 47 should read LXXVII. J. P. Todd. 


abstracts (Continued from Page 731) 

Escherichia coli. Staphylococcus albus and Candida albicans. Different 
media were used for different organisms, but the reaction was adjusted 
m all cases to pH 7-4. The concentrations tested were 2, 1, 0-2, 0-02, 0-002 
and 0 0002 per cent, in 5 ml, of medium; this was poured into’Petri’dishes 
containing about 10 to 15 ml. of the corresponding medium. Each micro- 
organism was grown on these six concentrations, and on a control plate the 
aerobes were cultivated at room-temperature, the anaerobes and facultative 
maerobes were incubated at 37-5'C., the anaerobes in Brewster anaerobic jars 
m amount of growth n-as compared with the control at intervals of 24. 48 
of phaseoli and R. japoniciim appeared to b° 

^XtemToraThv ^the were inhibited 

the' ^rTunt Sf iowb ' x lo^or concentrations increased 

obs.n,d ma 
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The Inactivation o£ Penicillin by Oil of Theobroma 

Sir.— D uring the development of penicillin formulations for human and 
veterinary use we have had occasion to investigate the effedt of incorporating 
various penicillin salts in bases containing oil of theobroma. The rapid fall 
of potency in these preparations led us to suspect that the latter was exerting 
a definite inactivating effect. A series of dispersions of penicillin in oil of 
theobroma was accordingly prepared, using separately calcium penicillin 
and crystalline potassium penicillin at concentrations of approximately 
10,000 I.U./g. These were assayed at time intervals after storage at room 
temperature and a progressive potency fall was observed. For calcium 
penicillin a fall of 27 per cent, was recorded after 3 months and for crystalline 
potassium penicillin a fall of 90 per cent, after 12 months. Further work is 
in progress to investigate this change in more detail but meanwhile we think 
it advisable to draw attention to what may be a serious incompatibility. 

J. C. Floyd. 

Pharmaceutical Research and Service Laboratory, 

Imperial Chemical Industries, 

Blackley, Manchester, 9. 

August 16th, 1949, 


Vitamin Bj, as a 5:6-Dimethylbenziminazole Derivative 

Sir, — A paper chromatogram of an acid hydrolysate of vitamin 
(n-butyl alcohol-acetic acid being employed as the irrigation solvent) was 
exposed to the light of a low-pressure mercury resonance lamp fitted with a 
Coming 9863 glass filter, when three blue fluorescent spots were revealed. 
Spectroscopic examination of eluates from these areas indicated their close 
chemical similarity. The compounds responsible for the fluorescent zones 
have accordingly been termed by us components a-, /S-, and y. Comparison 
of their ultra-violet absorption .spectra with those of known heterocyclic ring 
systems led to their identification as derivatives of benziminazole. Spectro- 
scopic comparison with 22 methylated benziminazoles synthesised for this 
purpose led to the identification of component y with 5 : 6-dimethyI- 
benziminazole, and of components a- and P- with 1-substituted 5 : 6-diniethyl- 
benziminazoles. Moreover, both spectroscopic and chemical work has led us 
to the conclusion that vitamin Bjo itself contains one preformed benzimina- 
zole residue in the molecule. It may therefore be inferred that components 
0 -, P-, and y represent different stages of degradation of a common precursor. 
It is interesting to note that vitamin B,- and riboflavine may thus both e 
regarded as derived chemically from 4 : S-diwetbyl-o-pbenyleaediamine, an 
speculation on the biogenesis of vitamin Bj, thus becomes possible. 

Both Dr. K. Folkers and one of us (V-F.) have to-day simultaaeoinly 
reported at the 1st International Congress of Biochemistry held at Cam n ge 
the identification of hydrolytic fragments of vitamin B 12 with 5:6 dime y 
benziminazoles. It therefore seems desirable to place these observa 10 
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record at this stage. Our detailed results will be submitted shortly for publi- 

'^lUs^a^pl^sm^^o acknowledge the encouragement of the Directors of 
The British Drug Houses, Ltd., in this work. 


Medical Research, Spectrographic Unit, 
London Hospital. E.l. 


E. R. HoiiiDitY, 
V. Petrow. 


Research Department, 

The British Drug Houses, Ltd., London, N.l. 


August 22, 1949. 

♦Received August 30, 1949.— EorroR. 


The “ Ninbydrin-Reactihg ” Hydroljtic Fragment of Titamin Bj, 

Sir, — have previously reported^ that hydrolysis of vitamin Bj, with 20 
per cent, hydrochloric acid at 100°C. for 6 hours followed by examination of 
the hydrolysate by unidimensional paper-strip chromatography, reveals the 
presence of one “ ninhydrin-reacting ’’ substance which could not be identified 
with any of the known amino-acids. Our studies have hitherto been handi- 
capped by incomplete separation on paper chromatograms of the “ ninhydrin- 
reacting ” fragment from other products of vitamin Bj- hydrolysis. By using 
n-butvl alcohol-acetic acid as the irrigation solvent, however, complete separa- 
tion has now' been obtained. The “ ninhydrin-reacting ” area occupies a 
position well removed from zones which fluoresce under the light of a low- 
pressure mercury resonance lamp fitted with a Corning 9863 glass filter^, 
and which form the subject of a separate communication (vide infra). Elution 
of the “ninhydrin-reacting” area with dilute hj'drochloric acid gives a 
solution transparent to ultra-violet light. From tlds and other observations 
we concluded that the “ninhydrin-reacting” substance was probably an 
aliphatic base. 

We now find that the “ ninhydrin-reacting ” substance and 2-aminopropanol 
show identical behaviour on paper chromatograms irrigated with four 
different solvent systems. The two substances thus have the same partition 
coefficients in each of these solvent systems, and it is therefore reasonable 
to conclude that they are identical. A final decision, however, must rest on a 
direct chemical comparison. Full details of this work have already been 
submitted for publication’. 

The authors thank the Directors of The British Drug Houses, Ltd., for 
permission to publish these results. 


Research Department, 

The British Drug Houses, Ltd.. 
London, 14.1. 

August 22, 1949. 


B. Ems, 

V. Petrow, 
G, F. Snook. 


1 . 

2 
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NEW REMEDIES 

The asterisk (*) after the name of an article indicates that the information 
given is derived from the makers' publications. Further information regarding 
these articles may be obtained by application to the Editor. 

Kina-Redoxon* tablets contain quinine and vitamin C and are indicated 
for the prophylaxis and treatment of influenzal conditions, the common cold, 
coryza, etc. Sugar-coated tablets are supplied in bottles of 50 and 100. 

s. L. vv. 


Lipo-Adrenal Cortex. [New and Nonofficial Remedies. J. Amer. med. 
Ass., 1949, 139, 849.) Lipo-adrenal cortex is an oil-soluble extract of hog 
suprarenal glands containing crystalline, biologically active constituents of 
■what ar6 considered to be 17-hydroxycorticosterone, 11-dehydro- 17- 
hydroxycorticosterone and corticosterone, and a non-crystallisable amount of 
11-dehydrocorticosterone. It is almost free from adrenaline and is assayed 
biologically. It has about 10 times the suprarenal cortical activity of adrenal 
cortex extract N.N.R. and is used for the same purposes when a more 
prolonged action is required. It is supplied as a sterile solution in cotton- 
seed oil and is administered intramuscularly in doses up to 3 ml., depending 
on the degree of cortical insufficiency and clinical response. It should be 
supplemented by the administration of sodium salts. The method of 
preparation is described. a. ,;.K. 

Parvcstin* is a concentrated desiccated extract made from the small intes- 
tine of the pig, one heaped teaspoonful corresponding to about 4 ounces of 
the fresh intestine. -It is indicated in the treatment of chronic ulcerative 
colitis. The dose is 1 or 2 teaspoonfuls daily, reduced to 1 teaspoonful daily 
as improvement occurs. If preferred, the powder may be stirred into warm 
beverages or mixed with food. Treatment usually requires to be continued 
for 4 to 8 weeks. Parvestin is supplied in 4-oz. bottles. s. L. w. 

Tyroderm* is an antibiotic cream containing 0-5 mg. of tyrothricin per g. 
in a water-soluble base. It is indicated in the treatment of pyodermatoses, 
including acne vulgaris, dermatitis and other dermatoses due to Gram-positive 
organisms. It may also be of value in varicose, decubital and ischasmic 
ulcers infected with Gram-positive organisms, and in the treatment of access- 
ible post-surgical wounds and potentially contaminated minor burns. The 
cream should be applied at least once daily and may be covered with a 
dressing if necessary. It is supplied in 2 oz. tubes. s. L. w. 

Unden* is a brand of oestrone, available either in pellets, ointment or 
aqueous solution, 1 mg. of which is equivalent to 10,000 international 
oestrone units, or (as oestrone benzoate) in oily solution, 1 mg. of which 
is equivalent to approximately 10,000 cestradiol benzoate units. The oint- 
ment is rubbed thoroughly into the affected areas of skin several times a 
day. The packings are as follows; — pellets containing O-OI, 0-05 or OT mg. 
in bottles of 15 or 100; ampoules (aqueous) in boxes of 5 x 1 inl., each 
ampoule containing OT mg.; ampoules (oily) 1 ml., each containing 5 mg. 
of oestrone benzoate solution (oily); bottles of 10 ml., each ml. containing 
1 mg. of oestrone benzoate; ointment in pots of 20 g., containing 0-5 mg./g. 
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REVffiW ARTICLE 

THE INTERNATIONAL STANDARD FOR VITAMIN D 
By Katharine H. Coward, D.Sc. 

Head of the Nutrition Department, School of Pharmacy, University of London 

The International Standards for the determination of the differpt vita- 
mins are part of the indispensable equipment of the laboratories in which 
this worit is carried out- Xhoush the standard materials themselves are 
so well known, the amount of labour which has been devoted to their 
creation and adoption and the infinite care which has been taken to 
ensure their suitability, accessibility and integrity are not so well known 
or appreciated. The adoption of a crj'stalline preparation of vitamin Ds 
to ser\'e as the International Standard for Vitamin D affords a suitable 
opportunity for outlining the nature of this work, the importance of 
which to scientific research, medical practice, the problems of nutrition, 
and the international exchange of ideas, results and materials is now well 
recognised. 

In this country the Therapeutic Substances Act (1925) was passed to 
deal with the administrative control of those substances of therapeutic 
value, the potency of which could not be adequately tested by chemical 
and physical means. Such substances are of many different kinds and, 
since their potency could only be determined by biological tests carried 
out in strict comparison with a standard preparation, the necessity for 
these was fully recognised; and, since the same materials and medicaments 
are used in many lands, it was obvious that the standards for their 
measurement should have an International standing and application. 
International Standards for the assay of antitoxins, insulin, pituitary^ 
(posterior lobe) powder and digitalis had been established before the simi- 
lar work for vitamins was begun. Very' few firms, how’ever, were 
equipped to carry' out the necessary biological determmarions on their pro- 
ducts of therapeutic application. Accordingly, to meet the demand for 
such tests, the Pharmaceutical Society of Great Britain established its 
Pharmacological Laboratory' in January, 1926. Within a very' few months 
requests for the determination of vitamin D in cod-liver oils were made 
by firms who realised that the ritamin D content of these oils varied w-ithin 
wide limits and who knew also that it was possible to extract the vitamin 
D of the oil without detection of the loss, and the Pharmaceutical Society' 
after consulting the Accessory' Food Factors Committee of the Medical 
Research Council set up a Vitamin-testing Department within the 
Pharmacological Department. The w’riter of this review w'as appointed 
to take charge of it and in January. 1927. the available laboratories had 
been put into a condition suitable for the satisfactory performance of the 
tests. Actually, the task of devising a reasonable uniform diet for albino 
rats-^n which they would grow, reproduce and lactate and, moreover 
a progeny having minimum resers’es of ritamins A and D so 
that they could be used at an early age for the comparative tests— proved 
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to be of paramount importance and has so remained throughout the 
years. The account of the work in this field is described elsewhere^ 
Si^ce to say here that the diet found to be satisfactory by 1928 has, 
with only minor modifications such as the exigencies of the times 
demanded, proved to be satisfactory up to the present time. 

Up to the time of setting up this laboratory, tests had been really 
only qualitative, and the relative vitamin potencies of foods indicated by 
the signs +, ++, + ++,or + + ++, according to the amounts, roughly, of 
the different foods required for bringing a certain amount of reaction 
which was known to be extremely variable and which could only be 
controlled by comparative tests in relation to Standard preparations; and 
it was not until 1931 that the extremely important step of establishing 
International Standards for the assay of vitamins A, Bi, C and D was 
taken by the Permanent Standards Commission of the Health Organisa- 
tion of the League of Nations-. 

By 1926 certain criteria for measuring the response of an animal to 
vitamin D were already known and considered to be adaptable for use as 
the basis for quantitative assay; of these, the ash content of the bone 
(generally expressed as the percentage ash of the dry, fat-extracted bone) 
had been used in various laboratories for comparing different cod-liver 
oils; and the “ line test ” had been used for the same purpose and, par- 
ticularly in Steenbock’s laboratory, for following the antirachitic activation 
of foods, food-constituents and cholesterol by irradiation with ultra-violet 
rays. In his laboratory the amount of healing, indicated by the width of 
the line of calcification, was assessed in five grades, 0, +, -h+, 

+ + -f , the last indicating complete healing. It was decided to adopt the 
“ line test ” in our own laboratory as it was quicker and less laborious 
than the “ ash content of the bone ” method. While we were raising our 
colony of rats to the right condition for these tests, we used litters drawn 
partly from our own colony and partly from those of other laboratories. 
The inconvenience of this was offset by the value of the information it 
gave on how greatly rats obtained from different colonies and subjected to 
the same treatment may differ in their response to the same dose of 
vitamin D. Ample evidence was also obtained of the difference in 
response of different litters from the same colony. All this afforded 
proof— if any were needed— of the necessity to provide for the compara- 
tive tests some stable preparation of vitamin D which could be used as a 
standard of reference and tested simultaneously with every vitamin D 
determination. 

About this time Rosenheim and Webster’ were irradiating ergosterol 
with ultra-violet light and getting intensely active antirachitic material as 
shown by tests on rats very similar to the line test, the width of the line 
of healing in their experiments being measured by X-ray examination of 
the bones. They had determined that a certain degree of activity could 
be produced in a solution of ergosterol by irradiating it for a certain tune, 
that further irradiation for some time did not increase or decrease the 
activity but that finally the activity did fall to zero. They were fhere- 
fore able to undertake to make a solution of activated ergosterol, "V 
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using the same conditions ot irradiation, strength of solution, etc., they 
could reasonably expect to mahe a similar solution of equal potency at 
any future time. Such a preparation would be very' nearly ideal for a 
standard of reference, the only point left to be determined being the 
stability of the preparation. This could only be done in the cour.se of 
time or by expedited experiments in which a solution was subjected to 
more strinaent conditions of temperature, etc., than it wa.s likely to 
encounter during its normal use. Such experiments were carried out and 
no loss of activity found’. In February. 1927. a particular sample of 
irradiated ergostcrol in olive oil. containing the equivalent of 0-0001 mg. 
of tire original ergostcrol in 1 -0 mg. of oil. was prepared by Mr. T. A. 
Webster of the Rosenheim and Webster team at the National Institute for 
Medical Research, London and adopted by the Pharmaceutical Society 
as its standard of reference. The unit of activity adopted was that con- 
tained in 1 mg. of this oily solution. This was the fust standard of refer- 
ence for any vitamin to be adopted in any counlryL 
The first way in which the standard was used was generally to give to 
three rats of a litter daily doses of. say, O'OOOOK O-00002. and 0-00005 mg. 
of original sterol (i.e., 0-1, 0-2, 0-5 units) respectively, and to three other 
rats of the same litter doses of the oil under test in the same propor- 
tions. Comparisons were then made between the responses of rats on 
corresponding doses, and an estimate of potency made by the considera- 
tion of ail the possible comparisons without the litter. Several litters 
were used in exactly the same way and an average of the several 
estimates calculated. 


Later, in 1931, Dy'er'’ worked out a method of making the estimation 
more quantiialive. He selected a scries of cut and stained bones of 
rats which had been used in “ line tests which showed graded staces 
in healing, the widths of the lines chosen being as nearly proporlionaf to 
the figures 0 - 6 as could be judged by the naked eye, 0 representing no 
healing and 6, complete healing. Thus it became possible to assign a 
numerical value to the healing of each rat and then total and average the 
healing of any number of rats all of which had received the same dose. 
He then constructed a curve of response to graded doses of vitamin D. 
15 litters of 7 rats each were prepared in the usual way. In each litter 

diSereut rats received the following daily doses of vitamin D: no 

dose, 0-0625, 0-125, 0-250, 0-5, 1-0, 2-0 units. The responses of the 
15 rats receiving each dose were averaged and plotted aaainst the dose 
given. The curve of response was used in future tests to compare the 
average response of a group of rats receisong one dose of, say, cod-liver 
oil with ftat of another group receiving one dose of the standard, by find- 
ing the abscissa of the curve corresponding with the healing of each group 
and calculating the potency from the respective abscissae. Further work 

response to vitamin D was logarithmic 

r ■’’L" 'va. 


was adopted, dope of fc ruToSedtS 
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unit o£ vitamin D. the activity of 1 mg. of the International Standard solu- . 
tion of irradiated ergosterol. 

It was hoped at that time that a crystalline substance more stable than 
the solution of irradiated ergosterol was expected to be would soon 
become available. Bourdillon in this country, Windaus m Germany and 
Reerink and van Wijk in Holland had each prepared a crystallised sub- 
stance which they thought was pure vitamin D. The three substances, 
however, differed in certain physical properties and each worker realised 
that his product was not pure. Callow purified Bourdillon s preparation 
by treating it with S-S-dinitrobenzoyl chloride in pyridine and crystal- 
lising the product from acetone. Close examination revealed the fact that 
the product consisted of two kinds of crystals, one yellow and the other 
orange. Callow separated them into two groups by means of a pin and 
obtaked 50 mg. of the yellow and 40 mg. of the orange form. He 
hydrolysed each and found one to be inactive biologically and the other 
active. He gave the name pyrocalciferol to the inactive form and retained 
the original name of the mixture, calciferol, for the active substance, which 
had about twice the antirachitic activity of the original. Meanwhile 
Windaus showed that his original product (which he now called Dj). 
really consisted of a molecular compound of lumisterol and a substance 
which he called D,. This he sent to Hampstead for comparison with 
Bourdillon’s calciferol and it proved to have the same potency as that 
substance and the same physical properties. Windaus and Bourdillon 
concluded that they had at last arrived at the same substance. It has 
since been called calciferol or vitamin Dj. It is now made on a small 
manufacturing scale and has been available for some years to replace 
the standard preparation of irradiated ergosterol, as recommended by the 
Second International Conference on Vitamin Standardisation. This has, 
however, never been necessary except on one occasion during the War 
when the dilution of the Standard was made with an oil which rapidly 
inactivated it. Reports from various workers that the standard did not 
appear to have its usual activity resulted in an immediate comparison 
between that issue and the remains of previous issues in several labora- 
tories. It showed beyond question that that issue was not “up to 
Standard ” and a solution of pure calciferol was made up with a carefully 
chosen oil and compared by several workers with a fresh dilution of the 
standard made with the fresh oil. The two solutions proved to be of 
equal potency and the activity of the original solution has never since 
been doubted. 


The Second International Conference on Vitamin Standardisation^ 
held by the Permanent Commission on Biological Standardisation of 
the League of Nations in London, 1934, recommended that the Standard 
M ergosterol prepared at the National Institute for 

3s International Vitamin D 
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assay being used for the calcuiaiion of potency and of error of that 
assay. 

Meanwhile, the need of a standard of reference for vitamin D was being 
recognised in other laboratories and in other countries. It was obviously 
desirable that workers in different laboratories should use the same 
standard and unit of activity. A second larger batch of irradiated ergo- 
sterol in olive oil had been prepared in 1928 at the National Institute for 
Medical Research under conditions similar to those of the first batch, 
part being kept at - 4° to 0°C. and part at room temperature. A further 
large batch was prepared early in 1929 and extensive biological compari- 
sons made between it and the second and first batches. It proved to have 
the same activity as the first batch and also the same as the part of the 
second batch which had been kept at the very low temperature. 
The part of the second batch which had been kept at room 
temperature, however, was very much less active than the third 
batch and a direct comparison between the two parts of the second 
batch confirmed the loss of activity of the part kept at room temperature. 
The Medical Research Council" therefore made available a standard of 
reference of vitamin D and recommended its adoption. It also recom- 
mended that the unit of activity should be defined as the antirachitic 
potency of a quantity of this preparation corresponding to 0-0001 mg. of 
the ergosterol used in its production. Thus the unit, as far as biological 
tests could determine, had the same value as the one already used for 
some years in the Pharmaceutical Society’s laboratory. It was of con- 
venient size for laboratory use on test animals: that is to say, the doses 
required for tests were neither a large multiple nor a small fraction of the 
unit proposed. The solution for distribution was made up to contain 
1,000 units/g. It was ready for issue the following September, and a 
memorandum giving details for the use of the standard was sent out with 
the first issue to each laboratory proposing to use it. Thereafter, fresh 
supplies were sent out every 6 months. Still another large preparation of 
irradiated ergosterol was made in 1931 and by biological tests it was 
shown to be indistinguishable in antirachitic activity from the previous 
one. 

The need for standards of reference for other vitamins also had become 
urgent, not only in Great Britain but also in other countries. In 1931 a 
conference on Vitamin Standards- was held in London at the invitation of 
the Permanent Commission on Biological Standardisation of the Health 
Organisation of the League of Nations and standards of reference were 
adopted for International use for vitamins A, Bj, C and D. 

The 1931 Conference recommended that the Standard solution of 
irradiated ergosterol at that time issued from the National Institute for 
Medical Research. London, should be adopted as International Vitamin 
D Standard for the next two years. If. within that period, it should 
become necessary, owing to exhaustion of the supply, to replace that som- 
tion by a fresh standard, the equivalence should be determined by exprts 
of different countries. It also recommended for adoption as international 
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test win then be acceptable if it tsill give an accurate comparative 
measure of the quantity or proportion of that principle; and protnded 
it so measures the right thing, and measures it accurately enough, the. 
activiPiT on which the measurement depends need have no mote rela- 
tion to the therapeutic action than would the property forming the 
basis of a chemical determination of the active principle, if such were 
applicable. The position becomes at once more complicated when 
several active principles are in question, which may be present in vart'- 
ing proportions, and concerning the relative therapeutic importance of 
which there is no sufficient ground for decision or differentiation ” 


The Second Conference on the Standardisation of Vitamins held in 
1934 recommended that “the experience gained in the use of cod-liver 
oils standardised against the International Standard by means of tests 
on rats might be devoted to an attempt to elucidate the questions 
involved in the anomalous action on certain species of different sources 
of vitamin D.” It was Waddell’® who first threw light on this subject. 
Reverting to the antirachitic substance generated in cholesterol on 
irradiation, he found it to be at least as active as the vitamin D of cod- 
liver oil in the prevention of rickets in chicks, the respective doses being 
determined by tests on rats, and he concluded that the pro-vitamin D 
of cholesterol was not ergosterol. Work by Windaus, Lettre and 
Schenck, Grab, Brockmann. Brockmann and Busse led to the isolation 
of a substance from the products of the irradiation of 7-dehydro- 
cholesterol and its identification with the vitamin D of tunny-liver oil 
and halibut-liver oil. This substance was named vitamin Ds and it was 
reported to have the same antirachitic potency (40,000 I.U./mg.) for 
rats as calciferol. A collaborative test to compare the antirachitic 
potencies of calciferol (vitamin Dj) and vitamin Ds was organised by 
the Accessory' Food Factors Committee of the Medical Research Coun- 


cil and the Lister Institute.". Workers in 9 different laboratories in 
Great Britain made the comparison by means of tests on rats, and the 
relative potencies of the two preparations, as indicated by the different 
workers, were ail so nearly equal to unity' that statistical analysis of 
the result was considered unnecessary’. Vitamin Dj was declared to con- 


tain 40.000.000 International units of Vitamin D per gram. Moreor'er. 
a comparison of these two preparations on the healing of rickets in 
children carried out by Morris and Stephenson in Glasgow, on cases 
of osteomalacia and late rickets by Wilson in India and'^ on a case of 
parathyroid tetany by Himsworth and Maizels in London failed to show 
any difference in antirachitic potency and. indeed, offered a certain 
amount of positive evidence that the two substances were equallv pmtent 
for human beings. Various other workers had showu that the vitamin D 
of cod-hver oil (whatever might be its nature) and calciferol were equallv 
potent for human beings. Thus it was possible to adopt vitamin D, as 
a smndard of reference for determining the potency of oils intended for 
rats chicks or human beings. The possibility of its adoption was to 
have been included m the Agenda of the Third International Conference 
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contained 0-025 ng. of crystalline vitamin D, a definition for which 
was added. The unit recommended for adoption by the 1931 Con- 
ference was to remain unaltered r namely, the vitamin D activity of 
1 mg. of the International Standard solution of irradiated ergosterol 
which had been found equal to that of 0-025 ng. of crystalline vitamin D. 

By this time it was becoming more and more evident that irradiated 
ergosterol had very little antirachitic activity for chicks; hence a de- 
termination of the vitamin D potency of a cod-liver oil by comparison 
with the standard by means of tests on chicks would give a very much 
larger value for the oil than a similar test carried out on rats. Therefore, 
the Conference stated that the assay of materials for vitamin D content 
should be carried out by comparative tests on rats, and their value in 
International units should be derived from the results of such tests. If 
other species were employed for these tests, the values could not be 
expressed in International units. 

With regard to the method of determination, the 1931 Conference 
considered it permissible to use various biological methods of estima- 
tion, either prophylactic or therapeutic, e.g., the “line-test,” X-ray 
examination or determination of the bone ash, provided that not less 
than (and preferably more than) 20 rats were used, one half receiving 
doses of the Standard and the other receiving doses of the substance 
under test. The Conference did not consider it desirable to draft detailed 
procedures for the determinations. Indeed. Dr. R. Gautier^ now 
Assistant Director-General to the World Health Organisation and in 
1945 Secretary to the Permanent Commission on Biological Standardisa- 
tion of the Health Organisation of the League of Nations, wrote at that 
time (with regard to all biological assays). “ When the value of an inter- 
national unit has thus been given an agreed definition, it has been re- 
cognised that .the nature and details of the biological method used in 
making the comparative measurements in units should be left, so far 
as possible, to the free choice and judgment of the expert conducting 
the test. Each worker is likely to make the most accurate assays when 
using a method with which experience and opportunity have made him 
familiar. Freedom of choice in this matter also affords an incentive to 
researches aiming at the improvement of existing methods and the dis- 
covery of better ones, whereas the adoption of a single method by agree- 
ment and the standardisation of its details must tend to stereotype know- 
ledge and hinder progress in this field. There are certain conditions, 
however, by which the choice of a method of biological measurement 
must be guided. It should, of course, be capable of yielding results cff 
the greatest practicable precision; but the fact is apt to be overlooked 
that the most accurately reproducible results are of doubtful value, 
and may even be misleading, unless it is certain that the method is 
measuring the therapeutically important constituent of the product uiwer 
test. In a case where the assay can be assumed to be dealing with a 
single and uniform active principle, the position is simple. 
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Britain, Denmark, Holland, Norway, Sweden, New Zealand, Canada 
and the U.S.A. did so. It was impossible to find experts able to carry 
out the comparisons in France, Spain, Portugal, India or South Africa. 

A most complete and exhaustive series of comparative tests was carried 
out and investigators in 33 laboratories sent in reports, some concerning 
tests with chicks, some with rats, some with both. Some even sent in 
duplicate tests with rats, one to compare results obtained with albino 
and piebald rats respectively. 

The British participants and Dr. J. O. Irwin met to arrange the design 
of the experiment, and a scheme put forward by N. T. Gridgeman was 
adopted. It entailed randomisation of litters between doses (x, 
2x, 4x) and randomisation of rats within each litter between the 
four samples. Thus all rats of any one litter had the same size of 
dose, but of difierent preparations. Altogether there were to be at l^st 
10 litters on each dose, i.e., at least 30 litters in all, comprising at least 
120 rats. Details of procedure (diet, criterion, duration of test, etc.) 
were left to individual workers. The work in the U.S.A. and Canada 
was organised by the U.S.P. Committee, who accepted the design 
planned by the British workers and issued certain instructions to their 
participants to accord with their own experience. In addition, they 
issued 2 bottles of cod-liver oil, 1 to be assayed on the assumption that 
it contained 115 U.S.P. units (International units)/g. and the other as 
96 U.S.P. units (International units)/ g. Actually these were one and the 
same oil, but it seemed a good opportunity for investigating the possible 
influence of “ level ” of testing on the result obtained. 

In all, 54 assays were completed, 29 using rats and 25 using chicks. 
Dr. J. O. Iiwin and his colleagues calculated the results of each test 
and its fiducial limits of accuracy and the ratios of the potencies (with 
their fiducial limits) of the various preparations. Their summary” is as 
follows:— Result Fiducial Limits 


(P = -95) 

(a) New Standard /Old Standard 0-981 0-925 to 1-009 

(b) B.S.I. Standard/Old Standard 0-916 0-902 to 0-983 

(c) Calciferol /Old Standard 0-933 0-896 to 0-972 

(d) U.S.P. Ref. C.L.O./Old Standard... 0-869 0-839 to 1004 

(e) New Standard /B.S.I. Standard 1-071 1-036 to 1-098 

(f) U.S.P. Ref, C.L.O./B.S.l. Standard 0-949 0-843 to 0-958 


Iiwin says. Thus the B.S.I. Standard and the calciferol are less potent 
than the Old Standard and the New Standard mav be sliahtly so. The 
new standard is somewhat more potent than the B.S.I. Standard, while 
the calciferol and B.S.I. Standard do not differ sianificantly The U S P 
Reference Oil is less potent than the B.S.I. Standard. This could not 
be conduded from die rat assays only, and so may be due to the presence 

or (a), (b). (c), the fiducial range is less than 10 per centf, for (el it 

cent., for (d) and (f) it is rather greater, but still of a 
r. for a biological test.” 



KATHARINE H. COWARD 


on Vitamin Standardisation planned, for September, 1939, but not held 
at that time on account of the outbreak of war. 

Meanwhile the British Standards Institution had adopted a particular 
^mple of vitamin D.^ as a Provisional Standard Preparation for assay- 
ing the vitamin D potency of cod-liver oils intended for chick feeding. 
It was dissolved in pure vitamin D-free olive oil; 1 mg. of the solution 
contained 0 '000025 mg. of the crystalline vitamin, and this amount was 
adopted as the B.S.I. unit of antirachitic activity. Since rats appear 
to use vitamin D. and vitamin Da equally well, 1 unit of the B.S.I. 
Standard was equivalent to 1 International unit as far as rats were 
concerned. It was obvious, however, that a cod-liver oil intended for 
chick feeding must be assayed by tests on chicks, for a cod-liver oil 
containing added calciferol would have a high value according to tests 
on rats, but would be less potent when given to chicks. The British 
Standards Institution drew up a plan^- for determining the vitamin D 
content of cod-liver oils by using chicks as test animals and the ash 
content of the bone as criterion. An example worked out for potency 
and approximate and fiducial errors was added. The result of such a 
test, however, could only be expressed in B.S.I. units since the oil was 
compared with the B.S.I. Standard. 

The work carried out on this B.S.I. Standard in many laboratories 
in Britain, Canada and the U.S.A. proved of the greatest value and 
paved the way towards the adoption of an International Standard of 
vitamin Da. As soon as the World Health Organisation was formed, 
the International Standards for vitamin A and vitamin D came under 
review. The story of the vitamin A standard will be told later. Work 
for this vitamin D standard began in 1946. The Accessory Food Factors 
Conunittee of the Medical Research Council and Lister Institute organ- 
ised, through its vitamin D sub-committee, a large collaborative experi- 
ment to investigate the possibility of adopting vitamin Da as the Inter- 
national Standard of reference for vitamin D. Several manufacturers 
were making crystalline vitamin Da, and samples of this substance were 
generously contributed by them. The total weight contributed was 
about 29 g. The physical constants of each sample were determined. 
The samples were pooled, and the physical constants of the pooled 
sample were determined. The solution for issue was prepared at the 
National Institute for Medical Research, London, and vvas of the same 
strength as that issued by the B.S.I., viz., 0-000025 mg. in 1 mg. of oil. 

It was decided at a meeting of the Vitamin D sub-committee to com- 
pare the following preparations ; — 

1. The present International Standard for vitamin D (irradiated ergo- 

sterol in olive oil). , . 

2. The new preparation of pooled samples of vitamin D 3 . 

3. The British Standards Institution Standard for vitamin D 3 . 

4. A preparation of the purest sample of calciferol obtainable. 

The Committee invited laboratories in as many countries as possible 
to take part in the comparative tests. Eventually workers in Great 
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Britain, Denmark, Holland, Horv\-ay, Sweden, New Zealand, Canada 
and the U.S.A. did so. It was impossible to find experts able to carry 
out the comparisons in France, Spain, Portugal, India or South Africa. 

A most complete and exhaustive series of comparative tests was carried 
out and investigators in 33 laboratories sent in reports, some concerning 
tests with chicks, some with rats, some with both. Some even sent in 
duplicate tests with rats, one to compare results obtained with albino 
and piebald rats respectively. 

The British participants and Dr. J. O. Iru’in met to arrange the design 
of the experiment, and a scheme put forward by N. T. Gridgeman was 
adopted. It entailed randomisation of litters between doses (x, 
2x, 4x) and randomisation of rats rvithin each litter between the 
four samples. Thus all rats of any one litter had the same size of 
dose, but of different preparations. Altogether there were to be at least 
10 litters on each dose, i.e., at least 30 fitters in all, comprising at least 
120 rats. Details of procedure (diet, criterion, duration of test, etc.) 
were left to individual workers. The work in the U.S.A. and Canada 
was organised by the U.S.P. Committee, who accepted the design 
planned by the British workers and issued certain instructions to their 
participants to accord with their own experience. In addition, they 
issued 2 bottles of cod-liver oil, I to be assayed on the assumption that 
it contained 115 U.S.P. units (International units) /g. and the other as 
96 U.S.P. units (International units)/g. Actually these were one and the 
same oil, but it seemed a good opportunity for investigating the possible 
influence of “ level ” of testing on the result obtained. 

In all. 54 assays were completed, 29 using rats and 25 using chicks. 
Dr. J. O. Iiwin and his colleagues calculated the results of each test 
and its fiducial limits of accuracy and the ratios of the potencies (with 
their fiducial limits) of the various preparations. Their summarj'^® is as 


follows-.' 


Result Fiducial Limits 
(P= 95) 
0-925 to 1-009 
0-902 to 0-983 
0-896 to 0-972 

0- 839 to 1-004 

1- 036 to 1-098 
0-843 to 0-958 


0-981 
0-916 
0 933 

0- 869 

1- 071 
0-949 


(a) New Standard /Old Standard 

(b) B.S.I. Standard /Old Standard 

(c) Calciferol /Old Standard .. . 

(d) U.S.P. Ref. C.L.O./Old Standard... 

(e) New Standard /B.S.I. Standard 

(0 U.S.P. Ref. C.L.O. /B.S.I. Standard 

Invin says, “ Thus the B.S.I. Standard and the calciferol are less potent 
than the Old Standard and the New Standard mav be sliehtly so. The 
new standard is somewhat more potent than the B.S.I. Standard, while 
the calciferol and B.S.I. Standard do not differ sianificantlv The U S P 
Reference Oil is less potent than the B.S.I. Standard, this could’ not 
be concluded from Ac rat assays only, and so may be due to the presence 

Fo? (^1 remarkably uniform, 

or (a), (b), (c). Ae fiducial range is less than 10 per cent? for (e) it 
IS about 6 per cent., for (d) and (f) it is raAer greater, but still of a 
satisfactoiy' order, for a biological test.” 
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A Sub-Committee on Fat-soluble Vitamins of the Expert Committee 
on Biological Standardisation of the World Health Organisation held a 
naeeting in London in 1949”, and recommended that the preparation 
of crystalline vitamin D3, as described below, at present held at the 
National Institute for Medical Research, London, should be adopted as 
the International Standard for vitamin D. This new standard should 
replace the existing solution of irradiated ergosterol and the latter should 
be retained as a reference preparation only and not as an International 
Standard. The Committee also recommended that the International 
Unit of vitamin D should be the vitamin D activity of 0-025 [ig. of 
the International Standard preparation of crystalline vitamin D3. The 
Standard should be issued as a solution containing 1000 I.U. per gram. 
The properties of the recrystallised vitamin D3 freshly withdrawn from 
a sealed ampoule were determined as; — 
m.pt. 87° to 89 °C. (corr.) 

[a]!)®"^ = + 110° (ethanol) 

E 1 265 mu = 490 (ethanol) corresponding to a molecular 

extinction coefficient of 18 , 800 . 

The recommendations of the sub-committee were adopted by the 
General Assembly of the World Health Organisation held in Rome in 
June, 1949. 

Step by step with the growing use of international standards of re- 
ference for assaying the biological potency of therapeutic substances has 
been the adaptation of existing methods and development of further 
methods and refinements of methods for estimating the accuracy of 
assays. The first edition of Fisher’s “ Statistical Methods for Research 
Workers ” was published in 1925. It has now reached its tenth edition; 
several other writers have published somewhat similar books and a few 
mathematicians, such as J. O. Irwin, E. C. Fieller, D. J. Finney and C. I. 
Bliss, have applied themselves to original investigations in this subject. 
Biologists have followed the trail these pioneers have blazed and now 
they know just how much as well as how little faith they may place 
in their results. The one is quite as important as the other. 
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The rapid excretion of penidlUn when administered parenterally in 
aqueous solution has led to the development of several non-aqueous 
formulations designed to prolong the therapeutic blood level after injec- 
tion. The object of “ slow-release ” is two-fold; firstly to eliminate the 
inconvenience and pain to the patient of frequent injections and secondly 
to avoid wastage of penicillin. Its adoption is based on the now 
generally accepted principle that a continuous therapeutic level is more 
effective than intermittent “ peaks.” The three main principles so far 
employed in such preparations are; (a) the suspending of penicillin in 
vegetable oil, usually in presence of a thickening or dispersing agent, 
(b) the utilisation in these suspensions of penicillin salts which are only 
sparingly soluble in water, and (c) the control of particle size of the sus- 
pended penicillin. The first slow-release formulation was devised by 
Romanskyk who suspended a water-soluble salt of penicillin in arachis 
oil containing 4-8 per cent, of beeswax. Numerous clinical reports have 
shown that this preparation achieves therapeutic levels (>0-03 u./ml.) 
for periods up to 24 hours after injection. Later, the preparation of 
sparingly soluble salts of penicillin containing either heavy-metal or 
organic bases was followed by their trial in slow-release formulations. 
Of these, the most effective so far has been procaine penicillin. Clinical 
reports on preparations containing procaine penicillin suspended in 
untreated arachis oil were made by Herrell, Nichols and Heihnann-, and 
by Hobby Brown and Patelskik both claiming therapeutic levels for 
periods greater than 24 hours. At about the same time, attention was 
drawn to the significance of the particle size of the suspended penicillin 
by Romansky and Dowlingk who reported that in oil /wax suspensions 
of soluble salts the best results were obtained when the particle size of 
the latter exceeded 50ji. This view was supported by Sullivan^, who used 
large particle size procaine penicillin in untreated arachis oil Shortly 
a^ftcr the introduction of procaine penicillin Buckwaher and Dickison'’- 
developed a new technique of suspending penicillin by using an alumimum 
stearate /arachis oil gel instead of oil /wax or untreated oil. Clinical 
rcDorts on the new suspensions were made by Thomas and his co- 
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workerss who obtained therapeutic levels for as long as 96 hours but 
v^o simultaneously showed that small particle size penicillin was more 
effective than large in stearate/ oil suspensions. Beyond relatively simple 

theories such as water-proofing ” of penicillin, no satisfactory explana- 
tion of the mechanism of slow-release has been advanced. A survey of 
earlier work also shows that not all the variants of the slow release formu- 
lations have a common basis for comparison. This is largely due to the 
fact Aat clinical and laboratory evaluation has been by a variety of 
techniques. The object of the work described here was to compare as 
accurately as possible the efficacy of a series of preparations embody- 
ing the most important of the possible variants, viz. (a) soluble and 
sparingly soluble penicillin (potassium and procaine salts), (b) gelling and 
suspending agents (beeswax and aluminium stearate), and (c) particle size 
of penicillin. To permit comparison of a large number of variants with 
sufficient accuracy it was decided to adopt a laboratory animal test for 
evaluation, and to use statistical methods for the efficient design of the 
experiments and analysis of the results. 

Experimental 

This consisted essentially of two groups of tests described here as 
Experiments 1 and 2. In both experiments the orders of preparation of 
samples, dosing and inoculation were randomised to ensure that any 
extraneous non-random variation would not vitiate the comparison 
between the main factors of the experiments. The following standard 
techniques were used ; — 

(1) Biological Evaluation. Three groups, each of 10 mice, were 
injected subcutaneously with the test preparation, each mouse receiving 
30,000 units in OT ml. The mice were then infected intraperitoneally 
with a 24-hour culture of Streptococcus pyogenes Kruger strain. All 
three groups were infected simultaneously, but the test preparation was 
injected in advance at different time intervals for the three groups. The 
usual plan was to inject the first group 5 days before infection, the second 
3 days, and the third 2 days. The number of deaths occurring up to 72 
hours after infection was recorded for each group. A siiniJar test has 
been used by Miller®. In general the number of deaths increased with 
the time interval between dosage and infection and the criterion used 
for comparing the effectiveness of the different formulations studied here 
was the estimated time between dosage and subsequent infection required 
to produce a 50 per cent, mortality in the mice. The greater this time 
the more effective the preparation. 

(2) Determination of Penicillin Potency of Test Preparation. The 
penicillin salts were assayed both microbiologically {Staphylococcus 
aureus) and iodimetrical]y^ Suspensions were assayed iodimetncally 
only and the results interpreted by means of a factor obtained in the assay 
of the penicillin salt. 

(3) Control and Measurement of Particle Size of Penicillin. Three 
ranges of particle size were selected for testing and are descnbed here 
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arbitrarily as “coarse” “medium” and “fine.” Reduction to appro- 
priate particle size v/as effected by dry grinding, followed, wnere neces- 
sary, by grinding in oil (with subsequent removal of oil before incorpor- 
ation in the aracbis oil base). Representative particle size analyses are 
expressed ataphically in Figure 1. the measurements being made using 
a technique based on that of Fairs"®. The graph expresses the relationship 
between the ranges and shows that the distribution in each range does 
not exhibit any unusual feature. 

(4) Preparation of Base, (i) Stearate f Aracbis Oil: Four methods were 
used, differing essentially in the temperatures at which the oil and stearate 



were gelled, (a) High temperature: Powdered aluminium stearate was 
dispersed in arachis oil. and the mixture heated slowly and with constant 
stirring to within the range 117“ to 122X. At this point the mixture 
became extremely %iscous. The temperature was then raised to ISO'C. 
and maintained at this let el for 1 hour to effect sterilisation. The final 
product was rather less viscous than at 1I7“C. (b) Medium temperature: 

tail!S'"an 4 n?’^l^ separately sterilised by main- 

taining at 140 C. for hours. The stearate was then dispersed in the oil 

.. - C. At this temperature the mixture 
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gelled and developed maximum viscosity, which was retained on cooling, 
(c) Low temperature: As for method (b), but the gelling temperature was 
raised to within the range 117° to 122°C. This gave a gel of slightly 
higher viscosity than (b). (d) Unheated: Aluminium stearate and arachis 
oil were separately sterilised by maintaining at 140°C. for 4 hours and 
then mixed by ball-milling for 24 hours. This yielded a fine dispersion of 
stearate in oil approximately equal in viscosity to the original oU. 

(ii) Beeswax ! Arachis OU: The beeswax and arachis oil were mixed m 
the cold and the temperature raised slowly, with stirring, to 150°C., at 
which temperature it was maintained for 1 hour. The solution was 
allowed to cool and was agitated gently during cooling from 60 °C. to 
room temperature to ensure dispersion of beeswax in a finely divided 
state. 

(5) Incorporation of Penicillin in Beeswax or Stearate Base: The 
penicillin was mixed with the prepared sterile base in a mortar and the 
mixture tranferred to a standard vessel containing a fixed charge of steel 
balls. The vessel was sealed and rotated for 1 hour, the speed being 
adjusted so as to ensure efficient mixing with minimum alteration of 
particle size. 

Experiment No. 1: Using the standard techniques already described, 
the effect of varying the following factors was investigated : (a) penicillin 
salt (procaine and potassium), (b) nature of suspending agent (beeswax 
and aluminium mono-, di-, and tristearates), (c) concentration of sus- 
pending agent (1 per cent, and 2 per cent, for both beeswax and stearate), 
(d) particle size of penicillin (medium and fine). The samples of 
aluminium stearate used are described here arbitrarily as mono-, di-, and 
tri-stearates since analysis showed that the base/ acid ratio was approxi- 
mately of this order. Typical analyses are given in the Appendix. All 
stearate/oil gels were prepared by the high temperature method, variations 
in the method of gelling being studied in Experiment 2. It was not 
considered desirable at this stage to examine the four factors in all com- 
binations, and in the first part of the experiment (la) one half of the com- 
binations representing a half replicate of the full factorial design” was 


TABLE I 

Logarithms of estimated times between dosage and subsequent infection 
TO give 50 PER CENT MORTALITY 


Pemcillm 

SaJt 

Particle 

Size 

j Monostearate 

1 Distcarale 

1 

1 Tnstcarate 

1 Beeswax 

Procaine . . 

Medium 

0 36 

percent 

(I) 

0 85 

percent 

(Z) 

0 55 

percent 

(2) 

-0 14 

percent 

(1) 


Fine 

0 68 

(2) 

0 44 

0) 1 

1 0 99 

(1) 

j 0 57 

(2) 

Potassium . . 

' Medium 

' 0 14 

1 

iZ) j 
1 

'-0 48 

m 1 
1 

i All 
mice 
died 

(1) 1 

i 

All 
mice 
! died 

(2) 


Fine 

0 01 

(I) 1 

0 14 

<2) 

0 16 

(2) 

All 

mice 

died 

(1) 


The figures between the brackets refer to the concentration of stearate or beeswax 
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carried out. The results are given in Table I expressed as logarithms 
of the time required between dosage and subsequent infection to produce 
50 psr cent, mortality. In deriving these results it was found that the 
mortality measured as a probit was linear with respect to the logarithm 
of the time between dosage and infection. The weU-known method of 
probits*- was then used to"calculate the 50 per cent point The slope of 
the probit log-time line was calculated for each sample. Each slope had 
a fairly large standard error and the assumption could be made that all the 
slopes were equal. The combined slop was then calculated and used 
to obtain an estimate of the 50 per cent, point for all preparations. 

The reliability of the results differed from sample to sample but the 
variation was not large and an average figure of 0T4 for the standard 
deviation could be used without risk of serious error. It is clear from 
this table that potassium is much inferior to procaine, and beeswax 
inferior to aluminium stearate but the 6 remaining samples of procaine 
penicillin in stearate gels do not give sufficient information on the com- 
parison between the particle size of penicillin and the three types of 
stearate. A further 6 samples were therefore prepared (Experiment Ib), 
with the 2 different particle sizes of procaine penicillin, using the three 
stearates at concentrations of 1 per cent, and 2 per cent, but with these 
concentrations reversed. Table n shows the results of this experiment 
together with the relevant portion from Table I. The two halves of the 
experiment then consisted of samples prepared using all combinations of 
the variables, particle size, concentration, and type of stearate. 


TABLE II 

Logarithms or cshmated times between' dosage and subsequent inkection 

TO GUT 50 PER CENT. MORTALlTy 


Expcnmcnt la 


Particle Si 2 e 


Metliura 

Fine 


Monostcaralc 


Disiearate 


Trislcarate 


0 56 
0 6S 


percent. 

( 1 ) 

12 ) 


0 85 
0 44 


percent, 
( 2 ) ' 
0) ! 


0-55 

0-99 


percent 

(2) 

0) 


Erpcriir.er.i Ib 


Medium 

Fine 


0 32 
0 2S 


(2) 

0 ) 


0 32 
Oil 


(11 

(2) 


0-34 

O-IS 


0) 

( 2 ) 


The figurei between the brackets refer to the concentration of stearate. 

It should be noted that the average result for Experiment Ib is appre- 
ciably lower than that for Experiment la. This is probably due to the 
different batch of mice or the different suspension of infecting oraanism. 
or both, the experiments being carried out at different times. \he design 
is such, however, that all the important comparisons are made within 
experiments and the comparison between the experiments has been made 
to coincide with the higher and less important interactions between the 
factors. The analysis of variance is given in Table 11. 

The standard delation of each result calculated from the detailed 
obscPi’ation on the mice is approximately the same for both exneriments 

* ° corresponds to a variance of 0-0169' 

From Tabic III it is seen that the efficacy of the preparations is in- 
fluenced bN the amount of the stearate used. The magnitude of this 
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effect is shown by a comparison of the averages for all the 1 per cent 
and all the 2 per cent, preparations given in Table II: mean for 2 per 
cent, stearate. 0-549; mean for 1 per cent, stearate, 0-355. The 2 per cent 
preparations are clearly more effective. 

Table III also shows that eflScacy is influenced by the particular com- 
bination of type of stearate and particle size of the procaine penicillin 

TABLE m 


Analysis of variance 


Source of Vanalioti 

j Sum of Squares 

D/F 

« 

j Vanance 

Type of stearate 

• 0 0258 

2 

1 0 0129 

Amount of stearate 

0 U2I 

I 

n nv 

Particle size 

Interactions — 

’ 0 0003 

, I 


Stearates with particle size 

0 1347 

2 


Stearates with amount 

0 0230 

2 


Between expenraents 

0 44S4 

i 1 


Remainder 

1 0 0440 

2 


Total 

1 0 7853 

It 

■ 

Error 

i - 

Large 

0 0169 


used. This is seen more clearly m Table IV, in which the results of 
Experiments la and Ib have been averaged. 

Table IV shows that fine particles are better with mono- and tn- 
stearate, but worse with distearate, and that medium particles are bsst 
with distearate. This type of mteraction was unexpected and requires 
verification. Should this mteraction be fortuitous, it is unlikely to affect 
the funiior conclusion that fine particles are not significantly different 
from mediuin Table IV also shows an apparent trend to higher 

results with increasing -.teajjc acid content of the aluminium stearate 


■^ABLE IV 

(a) iNIERACnON OF TYPE OF _ 

•C4RATT: WITH PAR-nCLE SIZE 

Pamcle Size ^ 

1 Mono 

Typei, j 

Stearate , ^,^355 

) Tn ) ^ 

Medium j ® 

1 0 445 

Fwc . ) 0 478 j 

0 275 1 -rr 

1 0 588 / - 

1 0 410 

0 430 *r- 


Experiment No. 2: This was designed to asst , 

(a) the geUing method (high, medium and low tempts the enecc 

(b) the type of aluminium stearate (aluminium prature ana 

aluminium stearate of no specified compositicionosteara 
“Technical”), (c) concentration of stearate (2 per cen, ceDi) 

and (d) particle size of procaine penicillin (mediumit and i F 
statistical design used to examine these factors was a 1 and 
factorial design. This involved 16 samples, and 
as logarithms of the estimated time between dosage andresults e 
tion to give 50 per cent, mortahty in mice are given in subsequen 

fable V. 
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TABLE V 

LoGAWrHXK OF FmviATED TIMES BETTVEEN DOS/VGE AND SUBSEQUENT INFECTION 
TO GIVE 50 PER CENT. MORTALITY 


1 

Pamde | 
Size 1 

Type of , 
Stearate { 

■ " " t 1 i 

High 1 Medium 1 Low 

Temperature | Temperatuie j Temperature j 

Unhealed 

Coarse \ 

1 

Mono- ... 1 

Technical ... i 

percent. ! percent. j 

0-40 (31 1 0-25 (2) . 0-39 (3) | 

1 0-49 (21 ) 0-38 (3) 1 0-40 (2) j 

percent. 
j-O-23 (2) 

1-0-35 (3) 

Medium ... 

Mono^ 
Techmcal ... 

\ 0-50 (2) 1 0-43 (3) 0-60 (21 

1 0-S6 (3) 1 0-44 (2) 0-44 (3) 

1 0-06 (3) 

|-0-03 (2) 


The analysis of vaiiance of these results is given in Table VI . 


The only significant effects are particle size of penicillin and tempera- 
ture of ge lling . The residual variance, which is a mixture of interactions, 
is no greater than the error variance due to the inherent variability of 
the mice. Had the reverse been the case, it would have been necessary 
to carry out the second half leplicate to complete the factorial design 

TABLE VI 


Analysis of variance 


Source of Variation 

Sorti of Squares | 


1 Variance 

) 

Concentration of stearate 

0-D03S 

1 

1 0-0038 

Particle size 

0-0848 

! 1 

0-0848 

Type of stearate 

0-0002 

‘ 1 

0-0002 

Temperature of gelling 

1-1367 

' 3 

0-3769 

Reddual 

0-0460 

9 

1 0-0051 

Total 

1-2715 

! 15 

( 

Error 

.. ... 

j I.arge 

0-0177 

1 

involving all combinations of 

the factors. The mean 

results are as 


follows: — 

Particle Size: Coarse = 0-217; Medium — 0-362. 

Temperature of gellmg: High = 0-489; Medium = 0-378; Low ~ 
0-485; Unheated = - 0-167. 

M^ium particle size is thus better than coarse, and unheated gels 
inferior to heated. There is no clear distinction between the high, medium 
and low temperatures of gelling. Similarly, there is no detwtable dif- 
ference between the two types of stearate and betiveen 2 per cent, and 3 
per cent, concentrations of stearate. 


Discussion 

m reliability of the mouse protecuon test has already been discussed 
by Miller*, whose conclusions are confirmed by comparison of his results 
and those reported here with the clinical data of Thomas’. Assumin<> 
that the test gives a good indication of the prolongation of blood leveH 
achievable m man, ii would thus appear that the most efficient of the offy 
injections so far examined consists of procaine penicillin (fine particle 

lacwrs ol psmciHin sail, pamdc size, and jelling agent are closely inter- 

753 





J. C. FLOYD 


related is not yet established, but the superiority of procaine penicillin 
over the potassium salt clearly extends to all formulations and all particle 
sizes. As far as penicillin salt is concerned, this might lead to a theory 
of delayed absorption due to reduced water-solubility. This explanation 
cannot be accepted, however, until a series of water insoluble salts have 
been studied. It has already been shown^ that aluminium penicillin is 
less effective than the procaine salt and this difference cannot be explained 
on the grounds of solubility alone. The influence of particle size presents 
an interesting problem. The first reports'*’^ favoured large particles but 
the position was reversed when stearate gels were introduced, suggesting 
that the action of the latter is connected with the surface area of penicillin. 
The fact that gels of different viscosity do not differ significantly in 
biological behaviour indicates that aluminium stearate does not merely 
act as a thickening agent, although it is equally clear that it loses its effect 
if geUing does not take place. The chemical composition of the stearate 
is apparently not a significant factor and therefore samples may be 
selected on purely pharmaceutical grounds without risk of sacrificing 
activity. The optimum proportion of stearate seems to be approximately 
2 per cent, of the oil base. Preparations containing more than this have 
no increased activity and are more difficult to manipulate. 

In the light of the foregoing, it is suggested that the mechanism of 
aluminium stearate probably involves the formation of a protective film 
around the penicillin particles. Such a film might be created by interac- 
tion at the penicillin surface to produce “ procaine stearate,” the mole- 
cules of which could be orientated with the carbon chain in the oil phase. 
This would retain a film of oil over the penicillin surface, the former 
being held more tenaciously than would be a film of untreated oil. This 
theory would explain the effect of penicillin particle size since the area 
of adsorbed film would increase with reduction of the particle size. The 
theory is also compatible with the other observed effects of concentra- 
tion of stearate and disappearance of activity in non-gelled rnaterial. In 
the former case the optimum concentration required to establish the pro- 
tective film is apparently of the order of 2 per cent., and nothing is gained 
by raising this figure. For the latter, it is suggested that the interaction 
with procaine penicillin can only take place when the stearate is in the 
gelled state. 

Summary 

(a) A comparison has been made of the efficiency of various oily injec- 
tions of penicillin using a mouse-protection test 

(b) It is concluded that the most satisfactory preparation consists of 
procaine penicillin of small particle size dispersed in a stearate /arachis 
oil gel. 

(c) A theory is suggested for the mechanism by which aluminium 
stearate induces “ slow-release.” 

lam indebted to Dr. O. L. Davies for the design of the tests and the 
analysis of results, to Dr. A. R. Martin for supervision of the biological 
work, and to Mr. A. G. Fishburn for help in the preparation rif the-, naner. 
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appendix 

Analysis or al-umtstum steailates 


Test 

MoQOsicaratc- , 

Disiearate 

Tristcaiate | 

) 

Techxucal 

Loss at lOQ'C. for 3 hours ... 
Ash .. 

Waicr-insoluhle ash 
Alummiuta tas AljO,) 

ner cent. 

1 5 

16 20 

15-90 

16 2 

per c^t. 

0-66 

8-75 

8-2 

8 8 

per cent. ' 

0-96 i 

6-20 

5- 3 

6- 4 

per cent. 

' 0-9 

1 0-05 

1 9-69 

10-10 


DISCUSSION 


The Chairman said that the paper was an interesting illustration of 
the use of the mouse protection test as an alternative to the rabbit method 
of studying the persistence of penicillin in the blood. It was also a very 
good example of the value of physical chemistry in pharmacy. 

Dr. K. Bullock (Manchester) observed that procaine penicillin had 
been chosen from a number of salts of penicillin and organic bases. Could 
the author give the references to the other organic bases or indicate the 
U'pes of other organic bases tried? 


Professor H. Briatile (Manchester) said he was interested in slow 
release vehicles for penicillin and in the use of the mouse protection test 
as a criterion. He had always used the rabbit and. in common with other 
workers, had found some difficulty in getting a sample of the blood which 
svas sufficiently sterile to give satisfactory results. 


In the mouse protection test the solution or suspension was injected 
subcutaneously into the mouse. Everything depended on the relationship 
between the oily depot and the surrounding tissue and this might give 
very different results from those which one would set by intramuscular 
mieclton in human beings. He had not consuhed''the references cited 
by the author but thought that Thomas and Miller had worked with 
aqueous solutions, which were very^ different from oily suspensions. Did 

to what mieht 

brinS"^*"" administered intramuscularlv in hunlan 
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Dr. R. E. Stuckey (London) said that various papers had been pub- 
lished recently giving varying opinions on the efficacy of penicillin sus- 
pensions. Had the author any experience with the aqueous procaine 
penicillin suspension tested by his method? 

Dr. F. Hartley (London) mentioned that the author suggested that 
the viscosity of the solution made very little difference to the duration of 
action of the material. Did the extent of gelling vary with the age of 
the suspension? If so, the ease of manipulation would also vary. 

Mr. J. C. Floyd, in reply, said that a number of salts were mentioned 
in the literature, and they had used a number of organic bases, including 
f>-chlorophenyl biguanide. In reply to Professor Brindle, he thought that 
the question was really concerned with whether the test gave results 
comparable with those obtained in man. He thought this question was 
answered by Thomas’s findings which showed excellent correlation be- 
tween the results in mice and in human beings. 

They had examined the aqueous procaine penicillin suspension by the 
method described, but the results were not very good; the eSect was so 
rapid that the test became too insensitive. 

He was not quite clear what Dr. Hartley meant by the extent of gelling. 
If one gelled under optimum conditions that gel on standing would even- 
tually break. He thought that all aluminium stearate gels eventually 
broke on standing, and presumably to incorporate penicillin into a broken 
gel would be a much more simple matter than to incorporate it into an 
extremely viscous one. Whether there was any biological difference be- 
tween a gel before and after breaking he could not say. 
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SuLi’UONUs of the type 1 possess remarkable narcotic properties and bear 
some structural resemblance to the substituted malonic acid Iragraenl 
of barbituric acid derivatives 11. anolber group of excellent hypnotics. 
Such resemblances has encouraged some workers to attempt the prepara- 
tion of “ Vcronalsulphone " (lUl. but such attempts failed''-'*. 

Another type of compound that would reflect botlr the sulphonals and 
the barbitoncs. is a barbituric acid substituted at position 5 with alkyl 
sulphone groups flVl. 
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Bn preparing such compounds the effect of introducing the sulphone 
group^ into the barbituric acid nucleus can be tested; and ^ typical com- 
pounds 5-cthYlsulphonylbarbituric acid (Yl. 5-cth\l-5-ethvlsiaphonvl- 
barbitunc acid fVH and 5 ; 5-dicthylsulphonylbarbituric acid* {Y’'ll) were 
prepared and their hypnoiic potency compared with that of ^ethvl- 
Ivirbuiinc acid (VIll). 
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Dr. R. E. Stuckey (London) said that various papers had been pub- 
lished recently giving varying opinions on the efficacy of penicillin sus- 
pensions. Had the author any experience with the aqueous procaine 
penicillin suspension tested by his method? 

Dr. F. Hartley (London) mentioned that the author suggested that 
the viscosity of the solution made very little difference to the duration of 
action of the material. Did the extent of gelling vary with the age of 
the suspension? If so, the ease of manipulation would also vary. 

Mr. J. C. Floyd, in reply, said that a number of salts were mentioned 
in the literature, and they had used a number of organic bases, including 
p-chlorophenyl biguanide. In reply to Professor Brindle, he thought that 
the question was really concerned with whether the test gave results 
comparable with those obtained in man. He thought this question was 
answered by Thomas’s findings which showed excellent correlation be- 
tween the results in mice and in human beings. 

They had examined the aqueous procaine penicillin suspension by the 
method described, but the results were not very good; the effect was so 
rapid that the test became too insensitive. 

He was not quite clear what Dr. Hartley meant by the extent of gelling. 
If one gelled under optimum conditions that gel on standing would even- 
tually break. He thought that all aluminium stearate gels eventually 
broke on standing, and presumably to incorporate penicillin into a broken 
gel would be a much more simple matter than to incorporate it into an 
extremely viscous one. Whether there was any biological difference be- 
tween a gel before and after breaking he could not say. 
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Bv preparing such compounds the eSect of introducing the sulphone 
groups into the barbituric acid nucleus can be tested; and as ti'pical com- 
pounds 5 -othvlsulphonylbarbituric acid 5*^thyV5-cthylsulpnoiiyl- 

barbituric acid (\H) and 5 : 5 -dieth\isulphonylbarbituric acid (NHI) were 
prepared and their hypnotic potency compared with that of diethyl- 
barbituric acid OiHIIl. 
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The syntheses were achieved by methods parallel to those used for 
substituted barbituric acids, viz.; the condensation of ethylsulphone 
malonic esters with urea, the substituted malonic esters being prepared 
by the interaction of clhylsulphonyl chloride and ethyl sodio-malonate 
in cihcral medium. In die case of ethyl-elhylsulphonylbarbituric acid, 
the compound was prepared also by the interaction of sodium sulphinate 
and 5-cthyl-5-bromobarbiluric acid’ in order to confirm the configuration 
of the condensation product. This latter process also gave better 
yields. The physical and chemical characters of the new products are 
tabulated in the experimental part. 
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Dr. R. E. Stuckey (London) said that various papers had been pub- 
lished recently giving varying opinions on the eiScacy of penicillin sus- 
pensions. Had the author any experience with the aqueous procaine 
penicillin suspension tested by his method? 

Dr. F. Hartley (London) mentioned that the author suggested that 
the viscosity of the solution made very little difference to the duration of 
action of the material. Did the extent of gelling vary with the age of 
the suspension? If so, the ease of manipulation would also vary. 

Mr. J. C. Floyd, in reply, said that a number of salts were mentioned 
in the literature, and they had used a number of organic bases, including 
p-chlorophenyl biguanide. In reply to Professor Brindle, he thought that 
the question was really concerned with whether the test gave results 
comparable with those obtained in man. He thought this question was 
answered by Thomas’s findings which showed excellent correlation be- 
tween the results in mice and in human beings. 

They had examined the aqueous procaine penicillin suspension by the 
method described, but the results were not very good; the effect was so 
rapid that the test became too insensitive. 

He was not quite clear what Dr. Hartley meant by the extent of gelling. 
If one gelled under optimum conditions that gel on standing would even- 
tually break. He thought that all aluminium stearate gels eventually 
broke on standing, and presumably to incorporate penicillin into a broken 
gel would be a much more simple matter than to incorporate it into an 
extremely viscous one. Whether there was any biological difference be- 
tween a gel before and after breaking he could not say. 
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We are indebted to Professor M. Sherif of the Pharmacology Depart- 
ment of the Faculty for the biological investigation of the new barbitu- 
rates. The relative activities of the compounds are tabulated as follows 
taking the activity of veronal as a reference. 

Evidently, therefore, the introduction of sulphone groups into the 
molecule of barbitone has decreased its activity. The toxicity of the new 
products is greater than that of barbitone, thus the possibility of their 
administration may be restricted and unsafe. 


Experimental 

Sodium ethanesulphonate was prepared by a modification of the method 
of Hemilhan®. A clear solution of anhydrous sodium sulphite (35 g.) in 
water (250 ml.) and ethyl iodide (30 g.) were heated on a water-bath 


under a reflux condenser until all 
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the iodide disappeared (7 hours). 

so, GROUPS ACTIVITY 

0 too 

1 80 

2 10 


Copper sulphate solution (100 ml. of 20 per cent.) was added with stirring 
to the warm reaction mixture and the precipitate so formed removed by 
filtration. The filtrate was neutralised with sodium hydroxide solution 
and concentrated on a water-bath till a scum formed on the surface, then 
allowed to crystallise, and filtered again. The filtrate was evaporated to 
dryness, the residue extracted with boiling alcohol (80 per cent.) and 
filtered whilst hot. On cooling the alcoholic filtrate sodium ethane- 
sulphonate crystallised in thin wide plates. Yield, 78 per cent. 

Ethylsulphonyl chloride was prepared by a modification of the method 
of Gerhardt®. Sodium ethanesulphonate (13 g.), dried at 120°C. under 
reduced pressure for 2 hours, was finely powdered and mixed with phos- 
phorus pentachloride (20 g.) and then heated on a water-bath for 10 
minutes. The cooled mixture was decomposed by pouring into ice-cold 
water and the acid chloride produced extracted with ether. After diying 
the extract and removal of the solvent, the acid chloride was distilled at 
75° to 77°C./25 mm.Hg. Yield, 68 per cent. 
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Ethylsulphonylmalonic Ester a)- Diethylmalonate (30 wf s added 
gradually with stirring to sodium wire (2-3 g.) covered with ether (150 m.), 
the whole being heated on a water-bath under a reflux condenser. Slow 
addition of ethanesulphonyl chloride (10 g.) dissolved m ether (50 nil.) 
commenced after all the sodium had disappeared (l-J^ hours), stirring and 
refluxing being continued during the addition and for a further 7 horns 
until the mixture became neutral to litmus. Water ivas then added, the 
mixture acidified, the ethereal layer separated and the aqueous layer 
repeatedly washed with ether. The mixed ethereal solutions were dried 
o\er calcium chloride, the ether removed, and the residue distilled in 
vacuo. 

Ethyl-ethylsiilphonylmalomc ester ai) was prepared by the same pro- 
cedure as I using ethylsulphonylmalonic ester (30 g.) in place of malonic 
ester and ethyl iodide (20 g.) in place of cthylsulphonyl chloride. 

Diethylsulphonyl-malonic ester (III) was prepared by the same pro- 
cedure as I using ethylsulphonylmalonic ester (30 g.) in place of the 
malonic ester. 

All the esters occurred m the form of pale yellow oils soluble in ether 
and organic solvents, insoluble in water and showing a sp. gr. greater than 
1 • Table I gives their constants. 


TABLE I 


Ester 

Bolhng point 

Sp Gr at 
20’C 

Sulphur 

found 

Content 

required 

Yield 

1 

U5 to UT C mm Hg 

1 36 

U 6S 

12 7 

per cent, 

48 

n 

160 10 163 C/5ntm Hg 

I 42 

11 40 

It 43 

42 

Ul 

m to 174 C 15 mm Hg 

1 4S 

18 41 

18 6 

29 


Condensation with Urea. 

5-Ethylsulphoiiylbarbititric Acid (IV). Sodium (5T g.) was dissolved 
m absolute methyl alcohol (120 ml). To the solution of 1 ml. of ethyl 
acetate was added followed, after 10 minutes at 60°C., by urea (12-7 g) 
When the urea had dissolved, ethylsulphonylmalonic ester (15 « ) was 
added and the apparatus transferred to an oil-bath. A conden'ser for 
distillaiion and a sealed stirrer were fitted. The temperature of the 
reaction mixture was gradually raised to 130X.. in the course of 3i hours 
then the viscous mass was treated with ice and ice-cold water; wLn the 
hull of the melt had dissoUed, the alkaline solution w-as treated with 

hit? m distinctly alkaline to conso red with 

h>droch one acid, concentrated and allowed to crystallise “The crudo 
harbnunc acid was recrr-stallised from an aceione-Snzcne mixture 

3 ■>Dicthvhulphanyl-harbmmc acid (\0. The above procedure was 
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applied using' diethylsulphonemalonic ester (21 g.) in place of the mono- 
ethylsulphonemalonic ester. The product was recrystallised from 95 
per cent, alcohol. 

5-Ethyl-5-ethylsulphonylbarbitiiric acid (VI). (a) The same pro- 

cedure was applied using ethyl-ethylsulphonylmalonic ester; the crude 
product was crystallised from 85 per cent, alcohol, (b) 5-Bromo-5-ethyl- 
barbituric acid^ (2-7 g.) and sodium etbanesulpbinate® (1-2 g.) were dis- 
solved in absolute methyl alcohol (20 ml.) and the mixture refluxed for 
8 hours. The precipitated sodium chloride was filtered and the filtrate 
concentrated and allowed to crystallise. The product was identical with 
that above as confirmed by a mixed melting-point. 

All the barbituric acid derivatives obtained were crystalline sohds 
soluble in ether, alcohol and dilute alkalis; some of their constants are 
shown in Table II. 
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DISCUSSION 

The paper was read by Dr. Said. 

The Chairman said that the Conference would welcome this contribu- 
tion on synthetic work. 

Dr. Hartley (London) asked, firstly, if the introduction of the ethyl- 
sulphone group modified in any way the dissociation of the barbiturate 
portion of the molecule; that is, w'as the sodium salt formed reaflu) 
hydrolysed or comparatively neutral? Secondly, if the introduction o 
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the eihyl-sulphone groups modified the way in which die molecule could 
be broken down by acid hydrolysis? 

Mr. D. E. Seymour (Welwyn) asked what methods were used to make 
compound III. The combination of sulphones with the barbiturate 
Mould be a most difficult problem, and the compound probably would 
not have any value in this particular field. It was a sulphonamide, and 
might have quite different properties. Had Dr. Said examined his com- 
pounds for biolo^cal activity other than hypnotic value? 

Dr. K. Bullock (Manchester) asked if Dr. Said could tell them a 
httle about the method of testing hypnotics. In relating constitution 
to physiological action, the mediod of tesdng was important. He a^ed 
whether the decreasing activity with increasing number of sulphonc 
groups could be related to such properties as decreasing solubility, or 
change of pH. 

Dr. R. E. Stuckey (London) said he could not quite follow Mr. 
Seymour’s remark about compound III being essentially a sulphonamide, 
and would like that explained. It was interesting that the compound, 
with free hydrogen in position 5, showed no activity; with such a 
compound, the molecule was more acidic, and had a considerably lower 
value 

Dr. F. Said, m reply, said that with one ethylsulphone group the com- 
pounds were more soluble in liquids than m water, and with two ethyl- 
vulphone groups the difference was even more marked. For testing the 
compounds dogs had been used, the relative activities being determined 
from the amounts needed to produce sleep. One group of dogs was 
given barbitone and another the compound to be tested, but he could 
not give details of the method as the test was done in the Pharmacological 
Department. Other biological activities had not been investigated.” He 
agreed that it was desirable to investigate the germicidal activity, but 
doubted whether compound III could be described as a sulphonamide. 
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In view of the increase in the use of wool alcohols’^" as an emulsifying 
agent in the preparation of pharmaceutical creams and ointments, and 
in particular, the inclusion of monographs on wool alcohols and 
ointments derived therefrom in the British Pharmacopoeia, it was 
considered that some results of investigations carried out in these 
laboratories on various aspects of the chemical and physical behaviour 
of wool alcohols would be of value to pharmaceutical workers. 

A review of the literature indicates that very little information exists 
concerning the properties of wool alcohols and their behaviour when 
stored under different conditions. The results presented in this paper 
refer specifically to one particular grade of wool alcohols available in 
this country, t although experience gained by us suggests that wool 
alcohols produced in these and other associated laboratories differ in 
certain properties. It has been known for some considerable time that 
certain characteristic changes occur when wool alcohols are stored in 
air.^'^ For example, exposure of samples of the material to the 
atmosphere gives rise to a change in surface characteristics and suggestions 
have been made in the literature that this change is due to oxidation. 
Gillam,® for example, reports that wool alcohols when exposed to 
atmospheric conditions, for considerable periods of time, show a marked 
increase in fatty acids, as denoted by rise in acid value, and it has been 
noted by us that wool alcohols, when subjected to irradiation with ultra- 
violet light showed marked changes in physical characteristics and rise 
in acid value. It has also been observed that these changes are slowed 
down by the addition of small quantities of antioxidants (e.g., pyro- 
gallol, a-tocopherol). It has been our experience over several years that 
samples of wool alcohols when stored in bulk prior to use in a technical 
process, showed marked rises in acid value and such samples, on 
examination according to the B.P. monograph, possessed acid values as 
high as 30, and some samples contained negligible digitonin-precipitable 
material. It was also noted that such wool alcohols were unsuitable for 
use in the manufacture of water-in-oil emulsions. 

Although we have shown that breakdown of water-in-oil emulsions 
is due to several factors other than the nature of the emulsifying agent 
itself (e.g. nature of hydrocarbon used, conditions employed in 

* The term wool alcohols throughout this paper refers to the total unsapoiufiable 
fraction of lanoline and is not necessarily synonymous with Wool Alcohols B.F. 

t The wool alcohols used throughout this investigation were obtained irom Messrs. 
Croda Ltd., and are marketed under the trade name “ Hartolan. 
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emulsification), it has been apparent that the initial nature of the wool 
alcohols or changes which thej' might have undergone during storage in 
the emulsion, may adversely affect the stability of the product, tor 
example, a series of comparable emulsions prepared from wool a co o s 
of different origin showed marked differences in stability and those 
which tended to separate more readily showed a marked rise in acid 
value of the isolated oil phase, such rise being retarded by the inclusion 

of antioxidants. _ . .* 

In view of these observations it was considered that a quantitative 
study should be made of some of the physical and chemical properties 
of wool alcohols when treated as follows ; — ^irradiation by means of 
ultra-violet light, exposure of the solid material to air at normal or 
elevated temperatures, and treatment of molten material with oxygen. 
This paper records some of the results obtained and the methods used. 
The changes in physical and chemical constants were measured by 
periodic determination of some or all*- of the foUowung : — 

1. Surface activity ; 2. Appearance; 3. Acid value; 4. Saponification 
value ; 5. Acetyl value ; 6. Digitonin-precipitable fraction. 


Experimental 


For convenience, the work will be described under the following 
sub-headings :—l. Treatment of molten wool alcohols with gaseous 
oxygen ; 2. Exposure of wool alcohols to atmospheric oxygen ; 

3. Irradiation of wool alcohols xvith ultra-violet light ; 4. Examination 
of wool alcohol emulsions after storage. 

1. Treatment of mdlten wool alcohols with gaseous oxygen. The 
following method and equipment were devised with a view to producing 
a uniform rate of oxidation and causing appreciable changes in the 
material within reasonable periods of time. The apparatus is illustrated 
in Figure 1. 

Oxygen enters at A and passes through the aperture B of the hollow 
glass stirrer G and partially through the stirrer guide C. It enters the 
molten wool alcohols through the holes D, E & F, in the stirrer and 
also through the base of the stirrer guide at H. Gas leaves the vessel 
at the side tube 1 and its flow rate was measured by a suitable meter. 
The lower portion of the apparatus was surrounded by a removable steam 
jacket so that test samples could be rvithdrawn via J. The stirrer speed 
was approximately 300 revolutions per minute. Samples for analysis 
were withdrawn at the inlen'als quoted and the results obtained are 
tabulated in Table 1. A control experiment w-as carried out substituting 
carbon dioxide for oxygen. In this way it was shown that negligible 
changes of the wool alcohols occurred in the absence of oxygen even 
on healing for the time quoted. As a further precaution the effluent 
gases were trapped in a wash bottle cooled with solid carbon dioxide so 
that any acidic volatile matter produced could be estimated by titration 
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In view of the increase in the use of wool alcohols’®' as an emulsifying 
agent in the preparation of pharmaceutical creams and ointments, and 
in particular, the inclusion of monographs on wool alcohols and 
ointments derived therefrom in the British Pharmacopoeia, it was 
considered that some results of investigations carried out in these 
laboratories on various aspects of the chemical and physical behaviour 
of wool alcohols would be of value to pharmaceutical workers. 

A review of the literature indicates that very little information exists 
concerning the properties of wool alcohols and their behaviour when 
stored under different conditions. The results presented in this paper 
refer specifically to one particular grade of wool alcohols available in 
this country,! although experience gained by us suggests that wool 
alcohols produced in these and other associated laboratories differ in 
certain properties. It has been known for some considerable time that 
certain characteristic changes occur when wool alcohols are stored in 
air.^’® For example, exposure of samples of the material to the 
atmosphere gives rise to a change in surface characteristics and suggestions 
have been made in the literature that this change is due to oxidation. 
Gillam,® for example, reports that wool alcohols when exposed to 
atmospheric conditions, for considerable periods of time, show a marked 
increase in fatty acids, as denoted by rise in acid value, and it has been 
noted by us that wool alcohols, when subjected to irradiation with ultra- 
violet light showed marked changes in physical characteristics and rise 
in acid value. It has also been observed that these changes are slowed 
down by the addition of small quantities of antioxidants (e.g., pyro- 
gallol, a-tocopherol). It has been our experience over several years that 
samples of wool alcohols when stored in bulk prior to use in a technical 
process, showed marked rises in acid value and such samples, on 
examination according to the B.P. monograph, possessed acid values as 
high as 30 , and some samples contained negligible digitonin-pr^ipitable 
material. It was also noted that such wool alcohols were unsuitable for 
use in the manufacture of water-in-oil emulsions. 

Although we have shown that breakdown of water-in-oil emulsions 
is due to several factors other than the nature of the emulsifying agent 
itself (e.g. nature of hydrocarbon used, conditions employed m 


* The term wool alcohols throughout this paper refers Wjhe total unsaponifi 
fraction of lanoline and is not necessarily synonymous with vVool ajcd 
t The wool alcohols used throughout this investigation were obtainea ironi 
Croda Ltd., and are marketed under the trade name “ Hartolan. 
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emulsification), it has been apparent that the initial nature of the wool 
alcohols or changes which they might have undergone during storage in 
the emulsion, may adversely affect the stability of the product. For 
example, a series of comparable emulsions prepared from wool alcohols 
of different origin showed marked differences in stability and those 
which tended to separate more readily showed a marked rise in acid 
value of the isolated oil phase, such rise being retarded by the inclusion 
of antioxidants. 

In view of these observ'ations it was considered that a quantitative 
study should be made of some of the physical and chemical properties 
of wool alcohols when treated as follow's : — ^irradiation by means of 
ultra-violet light, exposure of the solid material to air at normal or 
^yated temperatures, and treatment of molten material with oxygen. 
^ paper records some of the results obtained and the methods used. 
The changes in physical and chemical constants were measured by 
penodic determination of some or all"" of the following : — 

1. Surface activity ; 2. Appearance; 3. Acid value ; 4. Saponification 
value ; 5. Acetyl value ; 6. Digitonin-precipitable fraction. 


Experimental 

For convenience, the work will be described under the following 
sub-headings :—l. Treatment of molten wool alcohols with gaseous 
oxypn ; 2. Exposure of wool alcohols to atmospheric oxygen ; 
J. irradiation of wool alcohols with ultra-violet light ; 4. Examination 
01 wool alcohol emulsions after storage. 

fni)' wool alcohols wiilt gaseous oxygen. The 

ouoiymg method and equipment were devised with a view to producinc^ 

material™ oxidation and causing appreciable changes in the 
in Srf reasonable periods of time. The apparatus is illustrated 

^ through the aperture B of the hoUow 

S s stirrer G and partially through the stirrer guide C. It enters the 

SlZh "’rT" and 

ut the side Ue I the vessel 

The loweTnlrf ^ efu ® measured by a suitable meter, 

jackc^rthat tTt surrounded by a removable steam 

'vas apprSmme V “ “i . The stirrer speed 

'vcre iriEvn at ,h. Z T' per minute. Samples for analysis 
tabulated in T^ble I I °^t^^”ed are 

earbon dioxidc^for oxvcer Tn '^^tried out substituting 

chances of ? it was shown that negligible 

on hS„t t r ii” “.rAf T 

eases XX ere trapped in a xvasrSuI.'^ i Precaution the effluent 
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Eig. I . Apparatus for the treatment of molten wool alcohols with gaseous oxygen • 

in alcoholic solution. A small acidic fraction was obtained in this way 
■which constituted approximately 1 per cent, of the total acidity and this 
was ignored in the acid 'values quoted in Table I. 

2. Exposure of wool alcohols to atmospheric oxygen. The wool 
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TABLE I 

CHA^GES IN CHEMCAL AND PHYSICAL PROPERTIES OF WOOL ALCOHOLS DURING 

OXIDATION 


■fime of oiygcnatioJ 

M hours 1 

Add 

\alue 

Ester* 

value 

Acetyl 

value 

Cholesterol { 
content 
(digitonide 
meibod) 
per cent. » 

Interfacia 
Dyne, 
Age of ii 

60 SKS, 

Tension 

>/cm. 

otexfacc 

120 secs. 

0 1 

2-5 

4-7 

134 

30-40 

8-5 

7-4 

5 ' 


23-4 

132 

25-49 

10-6 

9-6 

10 1 

5-3 

24-1 

122 

23-85 

— 

9-2 

20 

8-1 

32-5 



20-43 

8-1 

7-2 


12-0 

38-6 

i no 

15-14 

7-6 

6-5 

40 ^ 

16-0 

61-2 



8-32 

6-1 

4-7 

50 

2S-4 

62-0 



4-99 1 

4-3 

3-9 

60 i 

3M 

78-6 

( 86 

0-81 ' 

4-5 

3-7 

70 

34-0 

' 96-0 

___ 

— } 

5-2 

4-5 

SR 1 

35-3 

1 96-7 

, 55 

1 1 

4-3 

4-0 

90 

38 -4 

96-6 

1 ■“ 

‘ 1 
t 

5-1 

4-4 


* Difference between saponification %-aIue and acid value. 


alcohols were obtained in suitably thin layers by pouring the molten 
material into large photographic developing dishes to a depth of 1/16 inch. 
The samples were then exposed to the atmosphere at the normal tem- 
perature and in an incubator at 37°C. Samples were withdrawn 
periodically and their acid values determined. The results are shown 
graphically in Figure 2. 
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3. Irradiation of n'oo/ alcohols with ultra-violet light. The material 
was prepared in thin layers as in the previous experiment and exposed 
to the radiation of an Hanovia ultra-violet lamp, the quartz tube being 
approximately S inches from the surface of the wool alcohols. Samples 
were withdrawn at intervals and their acid values determined The 
expenment was repeated using wool alcohols containing antioxidants. 
The results are shown graphically in Figure 1. 



Time in hours. 

Fig. 3. 

4. Examination of wool alcohol emulsions after storage. Two emul- 
sions were prepared according to the following formula, one containing 


0-007 per cent, w/w of propyl gallate. 

Wool Alcohols 20 

Paraffin wax 100 

White oil (viscosity 74 Redwood secs.) ... 200 
Water ... 080 


The samples were packed in lacquered tinplate containers leaving 
a considerable air space above the emulsion and stored at room tempera- 
ture and at 37°C. Samples were observed at various intervals of time, 
the appearance being noted and the acid value of the total oil phase 
determined by the following procedure A sample %vas withdrawn and 
twice its weight of warm water added. It was then heated on a steam 
bath until the emulsion had separated into distinct clear layers. The 
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Oily layer was then separated and a stdtable weight ns^ for deter- 

nniation of add value as described later. It 'vas ^°^Xse 

alcohols were responsible for any change in aci t alcohol 

and the value was calculated tvith reference to the 

content During the experiment some of the 

separated but the acid value determinations were nevertheless continued. 

The results are illustrated in Figure 4. 



Methods used for the Determination of Phv'sical and 
Chesucae Constants 

Acid value, cholesterol (digitonide method), and saponification value 
v.crc determined by the method described in the British Pharmacopoeia 
194S. 


Acayl value. The method described in the British Pharmacopoeia 
194S, page 762, was found inconvenient for ordinary samples of wool 
alcohols and could not be applied at all to highlv oxidised samples since 
the high xiscosity of the acctylatcd materiaf rendered its washing and 
rccoicry from the separating funnel extremelv difficult. The followim 
modification was therefore devised and proved' satisfactorv in use AfteS 
acetylation according to the B.P. method, the mixed acetates wen 
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dissolved in chloroform, filtered and the extract washed with brine until 
neutral. After finally washing with water and drying over anhydrous 
sodium sulphate the solvent was removed. The determination was 
then completed in the normal manner. 

Determination of surface activity by measurement of interfacial tension. 
Interfacial tension measurements were undertaken in an attempt to assess 
quantitatively any changes of emulsifying power which wool alcohols 
may have undergone as a result of oxidation. Heinrich,* who well 
realised the usefulness of this tool for the study of cosmetic emulsions, 
made use of the pendant drop method for the measurement of interfacial 
tension. In addition to measurements on total wool alcohols, experiments 
with fractions were carried out. 

The results are set out in Table II. 

TABLE n 

Interfacial tension values of some wool alcohol FRAcnoNS 


I Xnterfacial tension in 

Fraction ; dynes/cm. 

1 Age of interface 120 secs 


Total wool alcohols (1 per cent, w/v in white oil*) 

Cholesterol (I per cent, w/v in white oil) 

Ijo-Cholesterol (1 per cent, w/v in white oil) (LanosteroFagnosterol fraction) 

Cetyl alcohol (I per cent, w/v in white oil) 

Blank using water and white oil 

Total wool alcohols (I per cent, w/v in benzene) 

Optically inactive alcohols (I per cent, w/v in benzene) 

Blank using water and benzene 


5-0 

5-6 

16-4 

13'8 

52*5 


7*4 


12*4 

32*2 


* Viscosity 74 seconds Redwood 

The possibiUties of this method were extensively investigated by 
Andreas et al.^ whose techniques and calculations have been freely adopted 
in our work. Certain mathematical functions necessary for the applica- 
tion of their technique have recently been published in an improved form 
by Fordham® whose tables have been used throughout this study. 

The method consists of developing a suitably shaped drop of one phase 
beneath the surface of the other. From measurements of the drop aided 
by suitable magnification the interfacial tension of the particular system 
can be calculated. The apparatus is illustrated in Figure 5^ and is 
substantially that used by Andreas et al^. Certain features of difierence 
will be described to supplement the diagram. 

r The lighting was obtained from a high power microscope lamp 
using (5 volt 8 amp. bulbs and fitted with adjustable lenses and an ins 

diaphragm. . , , • . 

2. The drops were expelled from a glass jet of suitable size by means 
of a 10 ml. hypodermic syringe fitted wth a micrometer adjustment. 

A similar device had been used by Smith.^ • . tu 

3. The constant temperature cell was mounted together with me 
drop-forming mechanism in place of the stoge of a microscope, e 
barrel being horizontal, so that multi-directional adjustment cou e 
easily obtained. The camera was a Kodak I plate, fitted with Cornpur 
shutter and ground glass focussing back. In practice it was foun a 
suitable magnification to cover the different sizes of drops cou 
obtained by the use of 1 inch or 2/3 inch microscope objectives. 
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Briefly the experimental procedure was as follows The sample of 
wool alcohols under test was accurately weighed out dissolved in benzene* 
and adjusted to volume to give a 1 per cent, w/v solution. The solution 
was placed in the glass cell of the apparatus and drops of water contained 
in the synnge were developed on the end of a suitable jet as illustrated. 
1 he rate at which successive drops were formed was kept as uniform as 
possible and when the drop had the correct shape (possessed a suitable 
waist) it was photographed. The drop was photographed at intervals 
of 60 and 120 seconds after formation, since a finite time is necessary 
for the establishment of the interface and the attainment of a mimimum 
value of interfacial tension. The plate was placed in a photographic 
enlarger and projected on to squared paper. The dimensions needed for 
the calculation were then measured directly and the interfacial tension 
calculated using the tables published by Fordham® in conjunction with 
the following formula quoted by Andreas et u/.® 

H ^~d, 

where y=interfacial tension in dynes 
per cm. between the two phases under 
consideration ~ = difference in 

densities of the two phases at the 
temperature of the experiment, 
g = acceleration due to gravity. 

H = function of S, which can be 
obtained from the HS functions for 
pendant drops given by Andreas 
et al.^ and Fordham.® For a deriva- 
t/on of this relationship the origina} 
paper by Andreas et ah should be 
consulted. 

Discussion 

The composition of wool alcohols has been the subject of study by a 
number of workers and although a full analysis has not been completely 
worked out for any one specimen of the material, it is fairly clear that it 
consists essentially of a mixture of optically inactive aliphatic alcohols, 
the most prevalent of which is ceryl alcohol,® sterols, principally 
cholesterol®, and triterpenes*® (essentially a mixture of two triterpene 
alcohols lanosterol and agnosterol, originally termed ‘ /socholesterol ’ by 
SchuLze^^). 

Gillam® in his paper has suggested that wool alcohols on oxidation 
produce a mixture of fatty acids, esters and alcohols, and infers that 
sterols are primarily concerned in the degradative changes involved. We 
are of the opinion that evidence obtained by Gillam,® coupled with that 
obtained by ourselves in this study, is insufficiently complete to elucidate 
the mechanism of the degradation of wool alcohols resulting from 

* Benzene was used in this series of experiments since oxidised samples of wool 
alcohols become increasingly insoluble in liquid paraffin which was used in tne 
preparation of emulsions. 
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oxidation. Our results show, however, that the material is readily prone 
to oxidation. These findings appear to be at variance with statements 
by Lower^ that wool alcohols are extremely resistant to oxidation and 
do not decompose or go rancid, A progressive rise in acid value, coupled 
v-ith the fall in acetyl value and rising ester value, suggests that wool 
alcohols as a result of oxidative degradation become partially converted 
into carboxylic acids which can then undergo esterification either with 
unchanged fractions of the wool alcohols or their oxidation products 
v/hich have retained a functional hydroxyl group. Such a mechanism 
has already been envisaged by Gillam.® A steady fall in the precipitable 
digitonides suggests that the sterok are involved in one or other of 
these degradations. For example, the increase in ester value and the 
strady fall in yield of the predpitable digitonides are linearly related, and 
figures 6, 7 and 8 indicate the interdependence of some of the changes 
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Briefly the experimental procedure was as follows The sample of 
wool alcohols under test was accurately weighed out dissolved in benzene* 
and adjusted to volume to give a 1 per cent, w/v solution. The solution 
was placed in the glass cell of the apparatus and drops of water contained 
in the syringe were developed on the end of a suitable jet as illustrated. 
The rate at which successive drops were formed was kept as uniform as 
possible and when the drop had the correct shape (possessed a suitable 
waist) it was photographed. The drop was photographed at intervals 
of 60 and 120 seconds after formation, since a finite time is necessary 
for the establishment of the interface and the attainment of a mimimum 
value of interfacial tension. The plate was placed in a photographic 
enlarger and projected on to squared paper. The dimensions needed for 
the calculation were then measured directly and the interfacial tension 
calculated using the tables published by Fordham® in conjunction with 
the following formula quoted by Andreas et al .^ : — 

H ' 

where y=interfacial tension in dynes 
per cm. between the two phases under 
consideration p'- — = difference in 

densities of the two phases at the 
temperature of the experiment, 
g = acceleration due to gravity. 
cL H = function of S, which can be 

^ obtained from the HS functions for 

pendant drops given by Andreas 
e/ al.^ and Fordham.® For a deriva- 
tion of this relationship the original 
J paper by Andreas et al. should be 
consulted. 

Discussion 

The composirion of wool alcohols has been the subject of study by a 
number of workers and although a full analysis has not been completely 
worked out for any one specimen of the material, it is fairly clear that it 
consists essentially of a mixture of optically inactive aliphatic alcohols, . 
the most prevalent of which is ceryl alcohol,® sterols, principally 
cholesterol®, and triterpenes^® (essentially a mixture of two triterpene 
alcohols lanosterol and agnosterol, originally termed ‘ /socholesterol by 

Schulze‘S). . 

GiUam® in his paper has suggested that wool alcohols on oxidation 
produce a mixture of fatty acids, esters and alcohols, and infers tlw 
sterols are primarily concerned in the degradative changes involved. e 
are of the opinion that evidence obtained by Gillam,® coupled with tna 
obtained by ourselves in this study, is insulBciently complete to elucidate 
the mechanism of the deg radation of wool alcohols resulting fron^ 

* Benzene was used in this series of experiments since oxidised samples of wo^ 
alcohols become increasingly insoluble in liquid paraffin which was used m 
preparation of emulsions. 
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oxidation. Our results show, however, that Uic material is readily prone 
to oxidation. These findings appear to be at variance with statements 
by Lower- that wool alcohols arc extremely resistant to oxidation and 
do not decompose or go rancid. A progressive rise in acid value, coupled 
Mith the fall in acetyl value and rising ester value, suggests that wool 
alcohols as a result of oxidative degradation become partially converted 
into carboxylic acids which can tlien undergo esterification either with 
unchanged fractions of the wool alcohols or their oxidation products 
uhieh have retained a functional hydroxyl group. Such a mechanism 
already been envisaged by Giliam.® A steady fall in the precipitablc 
digitonides suggests that the sterols arc involved in one or other of 
these degradations. For example, the increase in ester value and the 
steady fall in yield of the precipitablc digitonides arc linearly related, and 
Figures 6, 7 and 8 indicate the interdependence of some of the changes 
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Briefly the experimental procedure was as follows ;~The sample of 
wool alcohols under test was accurately weighed out dissolved in benzene* 
and adjusted to volume to give a 1 per cent, w/v solution. The solution 
was placed in the glass cell of the apparatus and drops of water contained 
in the syringe were developed on the end of a suitable jet as illustrated. 
The rate at which successive drops were formed was kept as uniform as 
possible and when the drop had the correct shape (possessed a suitable 
waist) it was photographed. The drop was photographed at intervals 
of 60 and 120 seconds after formation, since a finite time is necessary 
for the establishment of the interface and the attainment of a mimimum 
value of interfacial tension. The plate was placed in a photographic 
enlarger and projected on to squared paper. The dimensions needed for 
the calculation were then measured directly and the interfacial tension 
calculated using the tables published by Fordham® in conjunction with 
the following formula quoted by Andreas e/ n/.® : — 

(pi _ p2) X gd/ d, 

y- --jj— 

where y=interfacial tension in dynes 
per cm. between the two phases under 
consideration — p* = difference in 
densities of the two phases at the 
temperature of the experiment, 
g = acceleration due to gravity. 

H = function of S, which can be 
obtained from the HS functions for 
pendant drops given by Andreas 
e/ al? and Fordham.® For a deriva- 
tion of this relationship the original 
paper by Andreas et al. should be 
consulted. 

Discussion 

The composition of wool alcohols has been the subject of study by a 
number of workers and although a full analysis has not been completely 
worked out for any one specimen of the material, it is fairly clear that it 
consists essentially of a mixture of optically inactive aliphatic alcohols, 
the most prevalent of which is ceryl alcohol,® sterols, principally 
cholesterol®, and triterpenes^® (essentially a mixture of two triterpene 
alcohols lanosterol and agnosterol, originally termed ‘ fsocholesterol by 
S * 

Gillam® in his paper has suggested that wool alcohols on oxidation 
produce a mixture of fatty acids, esters and alcohols, and infers tM 
sterols are primarily concerned in the degradative changes involved. We 
are of the opinion that evidence obtained by Gillam,® coupled with tha 
obtained by ourselves in this study, is insufficiently complete to elucidate 
the mechanism of the degradation of wool alcohols resulting frora 

* Benzene was used in this series of experiments since oxidised samples of wool 
alcohols become increasingly insoluble in liquid paraffin which was used m m 
preparation of emulsions. 
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oxidation. Our results show, howexcr. that the material is readily prone 
to oxidation. These findings appear to be at xariance with statements 
bv Lower* that wool alcohols arc extremely resistant to oxidation and 
do not decompose or go rancid. A progressive rise in acid value, coupled 
with the fall in acetyl xaluc and rising ester value, suggests that wool 
alcohols as a result of oxidatixe degradation become partially conxerted 
into carboxxlic acids xvhich can then undergo esterification either with 
unchanged fractions of the xvool alcohols or their oxidation products 
which haxe retained a functional hxdroxxl group. Such a mechanism 
has alr^dy been enxisaged by Gillam.* A steady fall in the prccipitablc 
digitonides suggests that the sterols arc inxolvcd in one or other of 
thtoe degradations. For example, the increase in ester value and the 
^eadx fall in yield of the prccipitablc digitonides arc linearly related, and 
rigures 6, 7 and 8 indicate the interdependence of some of the changes 
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we have observed. It is interesting to note that the oxidised wool alcohols 
appear to show changes in physical properties which are suggestive of 
polymerisation, thus the material becomes increasingly vitreous and 
VISCOUS, its melting point rises and its solubility in certain hydrocarbons 
decreases. 

It is not proposed to elaborate however on possible mechanisms of 
degradation with the limited data which is available at this stage of the 
work. Further investigations on this subject will appear in subsequent 
communications. 



Time in hours. 
Fig. 7. 


Interfacial tension measurements when carried out in a solvent in 
which samples at aU stages of oxidation are completely soluble, show an 
initial fall with the attainment of a steady value when other chemca 
changes have become negUgible. This suggests that wool alcohols do 
not suffer a deterioration of surface activity on oxidation. Their 
diminished efficiency as an emulgent may be attributable to loss ot 
solubility in the hydrocarbon phase of the emulsion. The observation 
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coucemins antioxidants arc of interest and may be of practical saiuc in 
thepresen-alion of ayooI alcohols and emulsions prepared tlicrclrom. 

, SU.StMARY 

i 1. Wool alcohols have 

been subjected to oxidation 
2! -X under varying conditions 

5 u . \ and progressive changes in 

'' ‘X physicarand chemical prop- 

"X cri'ics have been obscn'cd. 

\ Such changes include— rise 

15. in acid and saponification 

X. value, decrease in acetyl 

■ X, value and cholesterol con- 

!i . \ tent. 

\ 2. The interfacial tension- 

X. reducing power of total wool 

n • \ alcohols and some isolated 

\ fractions have been measured 

\ using the pendant drop 

\ method. This value docs 

4 . \ not show any appreciable 

^1 change as oxidation pro- 

j \ cecds. 

X. 3. Wool alcohol cmul- 

a i_ sions suiter breakdown on 

0 10 ao 33 40 50 fco storage. This is accom- 

TitBc in hours. panied by rise in acid value 

of the oil phase. Both effects 

can be retarded by the inclusion of antioxidants in the formula. 

4. Some tentative mechanisms based on the results obtained have been 
put forward to explain the changes which wool alcohols undergo on 
exidation. 

Much of the practical work was carried out by Miss E. Graj'don, 
P- Hills and G. Sumpter. The authors wish to thank A. G. Wright for 
his work in connection with the design and construction of the two 
types of apparatus illustrated and the Directors of Herts Pharmaceuticals 
Limited for permission to publish this work. 
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DISCUSSION 

The Paper was read by Mr.' D. E. Seymour. 

The Chairman said that the increasing use of wool alcohols in phar- 
macy made it important to study what happened when the material 
detenorated, as it undoubtedly did. One wondered whether the British 
Pharmacopceia Commission should not consider the use of antioxidants 
in some of the rather unstable preparations in question. 

Professor Spring (Glasgow) asked whether the authors had any 
evidence to show whether the oxidation was solely confined to the 
cholesterol fraction. He assumed from the evidence put forward that 
the cholesterol fraction was involved. He would like to know 
the views of the authors on the increase in the acetyl value. 

Dr, K. Bullock (Manchester) said he was very interested in Fig. 3, 
where apparently a clear light phase was shown. Had the authors any 
theory as to what went on in that light phase? 

Mr. a. W. Bull (Nottingham) said that the authors had shown that 
oxidation was a factor to be seriously considered in the use of wool 
alcohols in pharmaceutical preparations, and had indicated that the use 
of antioxidants would reduce deterioration. Some indication was given ^ 
in the paper of the rate of deterioration with and without antioxidants 
under rather drastic conditions — i.e., with a relatively large surface area 
compared with total bulk. Could the authors give some information 
on the rate of deterioration of wool alcohols in lump form, both with 
and without the antioxidants? 

Woodard had referred to the deterioration of penicillin ointment and 
to the fact that the variations in stability appeared to be connected with 
differences in the appearance of the wool alcohols and had drawn atten- 
tion to the oxidised film. He thought that the Pharmacopoeia Commission, 
in considering the formula for penicillin ointment, should pay special 
attention to the points brought out in the present paper and consider 
whether wool alcohols was a good ingredient in penicillin ointment. They 
themselves found that penicillin ointment was far less stable than 
penicillin eye ointment, for example. 

Mr. R. W. Gillham (Leeds) asked whether the authors could suggest 
a practical method of storing wool alcohols in bulk to prevent surface 
oxidation. The best method seemed to be to keep the stock down to 
the minimum and to order freshly as required. Had the authors carried 
out any work on the stability of penicillin ointment? Two years ago, 
at the Torquay Conference, a member mentioned that he had made 
some ointment of penicillin and found it too weak, had added some 
more penicillin and found that it was still weak, then added more and 
found it still below strength, and fiinally he had thrown it away. The 
) suggestion was made that it had something to do with the condition of 
the wool alcohols used. 

Mr. J. H, Oakley (London) said that this work might partly explam 
why samples of hydrbus ointment made on a larger scale were frequenUy 
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ansaUsfactow. Was it possible that the storage ol large quantities of 
the wool alcohols, coupled with the greater heat treaunem ncccssar\- 
i\ith larger quantities, would make the product less satisfactory . Mad 
the authors any information on the larger -scale handling of woo 
alcohols? 

Mr. C. J. Eastlat^d (London) asked whether the authors had studied 
the effect of traces of copper on wool alcohols, and whether they had 
been able to correlate the copper content with the formation of these 
o.xidation products. Some samples of wool alcohols contained consider- 
able amounts of copper; morcos'cr, the copper content appeared to vary 
in different parts of any given batch, possibly due to variations in the 
duration of contact w'ilh the copper vessel used, 

Mr. R. L. Stephlrs (Brighton) asked whether the authors had tried 
using chelating agents such as ethylene diamine tctracctate. He had seen 
samples of ointment of resorcin kept for 3 or 4 months which had not 
become discoloured, while similar samples without this agent had gone 
a darker colour. 

Professor H. Brindle (Manchester) referred to the authors’ statc- 
roent that the higher gallate esters give better results than the propyl 
esters. Had the authors gone lower in the series? In his experience 
ethyl gallate was more efficient than propyl gallate. Ethyl gallate had 
been used by the Ministry of Food during the war as an antioxidant 
for food fats. 


Dr. W. Mitchell (London) suggested that there was a possible danger 
in introducing antioxidants o! a phenolic nature. It was common in 
cosmetic work to find that the inclusion of traces of such antioxidants 
caused the development of objectionable colours. 


Dr. H. Davis (Loudon) said that it one dispensed hydrous ointment 
from the same batch in different types of container the sample in a 
wide shallow container did not separate as rapidly as the one in a narrow 
deep container, although this method increased the surface exposed to 
oxidation. The addition of an antioxidant and a direction that it was 
best dispensed in a wide flat container would be useful in the Phar- 
inacopcEial monograph for this preparation. 


Mr. D. E. Seymour, in reply, said he would leave the question of the 
clear light phase to one of his collaborators who did the photographic 
work, and go straight to the question put by Professor Spring! The 
authors were not clear about the fate of the cholesterol in this oxida- 
tion, but their theory at the moment was as follows. It would appear 
that the triterpene alcohols, which were polycyclic in nature produced 
an acid which condensed with cholesterol, thus reducing the acetyl 
value. There should be a decrease in acetyl value and not an increase 
^ome early experiments carried out in their laboratories on the chemical 
oxidation of the triterpene alcohols showed that it was possible to oxidic^ 
completdy the triterpenes by chromic acid and St wS^hoLtS 
hey had had a great deal of expenence in the bulk handling of wool 
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DISCUSSION 

The Paper was read by Mr. D. E. Seymour. 

The Chairman said that the increasing use of wool alcohols in phar- 
macy made it important to study what happened when the material 
deteriorated, as it undoubtedly did. One wondered whether the British 
Pharmacopceia Commission should not consider the use of antioxidants 
in some of the rather unstable preparations in question. 

Professor Spring (Glasgow) asked whether the authors bad any 
evidence to show whether the oxidation was solely confined to the 
cholesterol fraction. He assumed from the evidence put forward that 
the cholesterol fraction was involved. He would like to know 
the views of the authors on the increase in the acetyl value. 

Dr. K. Bullock (Manchester) said he was very interested in Fig. 3, 
where apparently a clear light phase was shown. Had the authors any 
theory as to what went on in that light phase? 

Mr. a. W. Bull (Nottingham) said that the authors had shown that 
oxidation was a factor to be seriously considered in the use of wool 
alcohols in pharmaceutical preparations, and had indicated that the use 
of antioxidants would reduce deterioration. Some indication was given ^ 
in the paper of the rate of deterioration with and without antioxidants 
under rather drastic conditions — i.e., with a relatively large surface area 
compared with total bulk. Could the authors give some information 
on the rate of deterioration of wool alcohols in lump form, both with 
and without the antioxidants? 

Woodard had referred to the deterioration of penicillin ointment and 
to the fact that the variations in stability appeared to be connected with 
differences in the appearance of the wool alcohols and had drawn atten- 
tion to the oxidised film. He thought that the Pharmacopoeia Commission, 
in considering the formula for penicillin ointment, should pay special 
attention to the points brought out in the present paper and consider 
whether wool alcohols was a good ingredient in penicillin ointment. They 
themselves found that penicillin ointment was far less stable than 
penicillin eye ointment, for example. 

Mr. R. W. Gillham (Leeds) asked whether the authors could suggest 
a practical method of storing wool alcohols in bulk to prevent surface 
oxidation. The best method seemed to be to keep the stock down to 
the minimum and to order freshly as required. Had the authors came 
out any work on the stability of penicillin ointment? Two years ago, 
at the Torquay Conference, a member mentioned that he had made 
some ointment of penicillin and found it too weak, had added some 
more penicillin and found that it was still weak, then added more 
found it still below strength, and finally he had thrown it away, io 
! suggestion was made that it had something to do with the condition o 

the wool alcohols used. . 

Mr. J. H. Oakley (London) said that this work might partly exp ai 
why samples of hydrbus ointment made on a larger scale were trequcuwy 
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unsatisfactor\'. Was it possible that the storage of large quantities of 
the wool alcohols, coupled with the greater heat trcamicnt 
with larger quantities, would make the product less satisfactory . a 
the authors any information on the largcr-scalc handling o woo 
alcohols? 

Mr. C. J. Eastland (London) asked whether the authors had studied 
the effect of traces of copper on wool alcohols, and whether they had 
been able to correlate the copper content with the formation of these 
o.xidation products. Some samples of wool alcohols contained consider- 
able amounts of copper: moreover, the copper content appeared to \ary 
in different parts of any given batch, possibly due to variations in the 
duration of contact with the copper vessel used. 

Mr. R. L. Stephens (Brighton) asked whether the authors had tried 
using chelating agents such as ethylene diamine tciracclatc. He had seen 
samples of ointment of resorcin kept for 3 or 4 months which had not 
become discoloured, w'hile similar samples without this agent had gone 
a darker colour. 

?ROTESSOR. H. Brindle (Manchester) referred to the authors’ state- 
ment that the higher gallate esters give better results than the propyl 
esters. Had the authors gone lower in the series? In his experience 
ethyl gallate was more efficient than propyl gallate. Ethyl gallate had 
been used by the Ministry of Food during the war as an antioxidant 
for food fats. 


Dr, W. Mitchell (London) suggested that there was a possible danger 
in introducing antioxidants of a phenolic nature. It was common in 
cosmetic work to find that the inclusion of traces of such antioxidants 
caused the development of objectionable colours. 

Dr. H. Davis (London) said that if one dispensed hydrous oifitment 
from the same batch in different types of container the sample in a 
wide shallow container did not separate as rapidly as the one in a narrow 
deep container, although this method increased the surface exposed to 
oxidation. The addition of an antioxidant and a direction that it was 
best dispensed in a wide flat container would be useful in the Phar- 
macopffiial monograph for this preparation. 

Mr. D. E. Seymour, in reply, said he would leave the question of the 
clear light phase to one of his collaborators who did the photographic 
work, and go straight to the question put by Professor Spring. The 
authors were not clear about the fate of the cholesterol in this oxida- 
tion, but their theory at the moment was as follows. It would appear 
that the triterpene alcohols, which were polycyclic in nature produced 
an acid which condensed with cholesterol, thus reducing the acetil 
value. There should be a decrease in acetj-1 value and not an increase.' 
Some early ex^nments earned out in their laboratories on the chemical 
mterpene alcohols showed that it was possible to oxidise 
completely the tnterpenes by chromic acid and be left with cholesterol 
They had had a great deal of experience in the bulk handling of wool 
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alcohols, and the point about not having too much in stock at a time 
was very important. It should be stored in the dark and in sealed 
containers. It was very apparent if one looked at wool alcohols that 
there was an oxidised surface film, and material which they had had in 
stock for some time had failed to make an emulsion at all. On examin- 
ing it afterwards they found that it had an acid value as high as 30 ; it 
was totally insoluble in the hydrocarbon phase. It was also important 
to keep it in large pieces and before use to scrape off the oxidised surface 
film containing the polymer. 

They had recently commenced an investigation of penicillin ointment 
and were obtaining some surprising results, but they were not consistent. 

Mr. Oakley’s question about working on a large scale with wool 
alcohols was important. They had even considered working in an inert 
atmosphere, for example, under a blanket of carbon dioxide in the 
homogeniser, but had not yet adopted that procedure because of the 
technical problems which obviously arose. The possible effect of pack- 
ing the material when the emulsion might be still warm had occurred 
to them. 

Traces of metals might act as oxidation catalysts, and they were at 
the moment examining woo] alcohols from different sources, to see what 
metals were present and what the effects might be on oxidation. The 
materials with which they had worked had been made in all-glass plant, 
and they did not get these problems so much with that type of material. 
They had not had any experience with chelating agents. 

They had used the higher gallate esters because they were not soluble 
in water and had even considered cholesterol gallate. The lower esters 
were soluble in water and might cause darkening by contact with the 
iron of the plant. They understood that there was not much difference 
in efficacy between the lower esters and the higher ones, and ethyl 
gallate was unsuitable in a hydrous preparation because of its solubility 
in water. 

Shallow containers were ideal for wool alcohol emulsions, though 
there was one great snag about them, namely, the very large surfa^ 
area exposed to oxidation, which they now believed to be the main 
cause of breakdown. 

Mr. K. H. Oberweger, dealing with Dr. Bullock’s point about the light 
phase, said they had put it down to an induction phase, which was not 
uncommon with natural materials of the type in question, possibly due 
to the presence of some natural antioxidant which would eventually be 
swamped by oxidation, and thus lose its activity. 
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THE OCCURRENCE OF METHT'L COMFOUNDS IN 
GALENICALS 


By H. E. Brookes and H. K. Johnson 

From the Analytical Laboratory, Boots Pure Drug Co.. LtJ.. Nottingham 


Rccciscd July 9, 1949 

The presence of traces of methyl alcohol in the galenicals prepared from 
certain vegetable drugs has been previously recorded, and the fact is of 
considerable interest since the Board of Customs and Excise prohibits 
its presence in rebatcable preparations. Richardson' showed evidence 
of such a possibility and found amounts varying from O’Ol to OTO per 
cent (0-045 to 0-48 per cent, based on alcohol content) in simple prepara- 
tions of orange peel, gentian root, lemon peel, buchu and compound 
preparations of orange, gentian and rhubarb. In his opinion, the deriva- 
tion of the colour in the reaction obtained in the British Pharmacopmia’s 
modification of the Deniges test" was not the presence of essential oils 
or methyl esters, but of methyl alcohol itself, since adequate means were 
employed for removal of the former'. It was suggested that the methyl 
alcohol was derived from the decomposition of pectin present in orange 
and lemon peels. No observations on the technique of distillation were 
given. 

Our interest in this matter was renewed recently, because of a complaint 
hy the Customs and Excise Authonties with reference to a rebate claim 
on a production batch of concentrated compound infusion of gentian. 
They accepted that certain drugs on distillation may produce small 
amounts of methyl alcohol or substances giving similar reactions, but 
maintained that the proportion found, 0-21 per cent., was abnormally 
high and that the preparation must, therefore, be considered to contain 
industrial methylated spirit. Since methylated spirit was not used in the 
manufacture of the concentrated compound infusion of gentian, this and 
subsequent batches, made with pure alcohol, were tested for methyl 
alcohol and compared with samples of material marketed by other phar- 
maceutical houses. The test used was the B.P. test for the presence of 
methyl alcohol in alcohol which, as stated in Appendix XII G may give a 
positive response to the presence of methyl compounds as well as to 
methyl alcohol in the preparation. The former are converted to methyl 
alcohol in the test and the figures for methyl alcohol in this paper include 
that derived from such compounds. The results are recorded in Table I. 

Methyl alcohol determinations on a number of batches of other galeni- 
cals prepared with pure rectified alcohol carried out as routine control are 
recorded in Table n. 


These results substantiated our contention that methyl compounds can 
present m galenicals prepared according to the British Pharmacopoeia 
and justified our mtention to reinvestigate the original observations of 
^chardson. to show whether amounts of methyl compounds which the 
StSvf h Authorities had stated to be inadmissible were in 
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Experimental 

The alcohol content was obtained (a) by the British Pharmacopoeial 
method or (b) by direct distillation; where ammonia was present, the 
distillate was neutralised to solid phenolphthalein and redistilled. 

The method of the British Pharmacopceia for detection of metnyj 
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alcohol was adapted to quanlitaihc use by comparison against controls 
as follows: 

An amount of the distillate obtained by method (a) or (b) calculated 
bv preliminary' experiment to contain the equixalent of between 
o’oool ml. and’ 0-001 ml. of methyl alcohol was taken, sunicicnl alcohol 
added to produce finally a 10 per cent, solution, and diluted to 5 ml. with 
water. The pharmacopceial test for mcllnl alcohol was carried out on 
this solution and controls containing 0 0001, O’OOOIS, 0'0002, etc., mL ol 
methyl alcohol in 5 ml. of 10 per cent, methyl alcohol-free ethyl alcohol, 
and the colour produced compared. 

All alcohol used in the experiment and on production tests was checked 
for methyl alcohol content, and all results recorded were corrected for - 
the trace of methyl alcohol present in the ethyl alcohol used. The results 
gi\en in Tables 1 and 11 were obtained on distillates obtained by the 
British Pharmacopceial method. 

In order to account for the high methyl alcohol content of liquid extract 
of senega recorded in Table IK a batch was examined at each stage of 
manufacture. The alcohol w-as determined by the method of the Britrsh 
Pharmacopoeia (a) and by direct distillation (b), the tests being carried out 
on the distillates. The* methyl alcohol content of the menstruum was 
not detectable by the method of the Bntish Pharmacopoeia. The results 
are given m Table III. 

TABLE in 

.METmX ALCOHOL FOLTND DLTRIVG TOE MAVUFACTLRE OF UQUID EXTRACT OF SENEGA 


MeihjI almho! Mcth>l alcohol 

b> njcvhod (o) b> rrelhod (6) 

per COOL ' per cent. 


Reserve portion of the percolale 

Soft, eetraa front the rentitniSer of the percolate 

Ltqind extract of senega 


0 2S 0 01 

0 74 I 0 02 

1 40 0 01 


The above results mdicate that the methyl alcohol obtained was pro- 
duced dunng the assay. To confirm this, water, ethyl alcohol and an 
excess of sulphuric acid were added to the residue from the distillation 
of the liquid extract by method (b), and a normal distillation performed. 
The methyl alcohol content of the distillate was 0-52 per cent calculated 
to the liquid extract. Since this was insufl5cient to account for the high 
methyl alcohol coniem of the final product, this process was repeat^, 
starting with a distillation from the liquid extract by method (b). TVhen 
the acid, alcohol and water had been added to the residue it W'as dis- 
tilled very' slowly. The distillate save 0-88 per cent, methyl’ alcohol cal- 
culated to the liquid extract, a quantity’ greater than the previous fisure 
but less than that obtained for the galenical. A further addition of water 
and alcohol to the residue was again slon-ly distilled. The methvl alcohol 
intent of &e distfflate was 0-48 per cent calculated to the Hquid e^act 
The of the percentages of methyl alcohol obtained from the rSiP 
m Wejiith that given for the finished proS k 

Table in. This shows that the length of time taken in the SSion 
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by the method of the British Pharmacopoeia affects the amount of methyl 
alcohol formed, and, further, that its source is undoubtedly the senega. 

A production batch of concentrated infusion of senega B.P. gave 
methyl alcohol when the method of the British Pharmacopoeia for alcohol 
content by acid distillation was used, to the extent of 0-36 per cent., 
whereas by direct distillation the amount was only 0-04 per cent. This 
latter figure was higher than expected and suggested that some alkaline 
hydrolysis occurred during preparation. 

Owing to our Tinctures Department finding the recovered alcohol 
from the preparation of this galenical to be contaminated with methyl 
alcohol, the process was examined in detail, using the same drugs. The 
schematic diagram indicates the method of production, points of control 
testing and amounts of methyl alcohol found at each stage of production. 

The method of preparation used in our Tinctures Department differs 
from that described in the British Pharmacopoeia by the use of ammonia 
in the percolation, the modification aiding preparation and giving a better 
final product. That this small deviation from the British Pharmacopoeia 
directions does not affect the findings was shown by the results of testing 
a sample prepared strictly by the British Pharmacopoeia procedure, in 
which closely similar figures for the final methyl alcohol content were 
obtained. 

In conclusion we determined the methyl alcohol in the distillate from 
a mixture of powdered senega, pure ethyl alcohol and water : 

per cent, 
methyl alcohol 
calc, to senega 

1. Direct distillation, adding no acid or alkali OTO 

2. Distilled in presence of acid i'20 

3. Distilled in presence of ammonia, neutralised and 

redistilled 

Hence it is demonstrated that for senega root and its galenical prepara- 
tions, a small amount of preformed methyl alcohol may be present, but 
alkaline or acid distillation produces considerable amounts probably due 
to hydrolysis, acid giving the greater. The presence of methyl alcohol 
was confirmed by the Riche and Bardy* test. 

The presence of methyl salicylate in senega to an extent of 0-25 per 
cent has been recorded^’®. Distillation of small amounts of methyl 
salicylate with dilute alcohol and water showed that ammonia wiu 
hydrolyse this ester completely in dilute alcohol, but dilute acid has no 
effect. 

Richardson^ suggested that the methyl alcohol might be derived from 
the hydrolysis of pectin and the gelatinisation of senega preparations na_ 
been attributed to the occurrence of pectinous substances m me nrag • 

By distillation of pectin far in excess of the proportions . 

present in the galenicals tested, some methyl alcohol was obtamea, 
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amount from acid distillation being comparable with that from alkaline 
disliilaiion. Pectin should not be present in senega preparations to any 
extent, since alkaline distillation of senega produces niuclr less methyl 
alcohol than acid. This suggests other substances to be the main source 
of the methyl alcohol. 

In our opinion, the production of methyl alcohol by hydrolysis during 
distillation may not necessarily always account for its presence in galeni- 
cals. In support of this, we can quote some experiments on concentrated 
infusion of orange which was examined at all stages of manufacture, 
showing relatively high proportions of methyl alcohol on each test using 
the method of the British Pharmacopoeia for alcohol determination (which 
does not require acid distillation and eliminates esters by light petroleum 
extraction of the distillate) but also showing similar results by a direct 
neutral distillation. These results suggest that in preparations of orange, 
the methyl alcohol may occur in the orange peel. 

Conclusions 

Based on our work with senega and the results given by routine exam- 
inations of other galenicals, it may be inferred that methyl compounds 
may occur in many galenicals in more than traces and that some of these 
roay be hydrolysed to methyl alcohol. Since acid or alkaline media 
increase this hydrolysis, it would be desirable for the test for methyl 
alcohol to be made on a distillate from neutral solution. As considerable 
frothing impedes distillation of many galenicals, especially senega, unless 
acid is present, a correct alcohol content should be determined by the 
method of the British Pharmacopoeia, and the methyl alcohol test carried 
out separately, distilling from neutral solution. 


Summary 

1. The presence of methyl alcohol in galenicals in more than traces 
is recorded and previous observations confirmed. 

2. The source of the methyl alcohol in senega preparations has been 
closely investigated. 

3. The method of the British Pharmacopoeia for alcohol content has 
been shown to be the main contributory cause of the production of methyl 
alcohol by acid hydrolysis of the senega extractives. 

4. In these and other galenicals some preformed methvl alcohol is 
present. 

W wish to express our thanks to Mr. D. A. Hughes for his co-operation 
m the preparation of samples for examination, and to the Directors of 
Boots Pure Drug Co., Ltd., for permission to publish this work. 
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DISCUSSION 


The paper \\as read by Mr. H. E. Brookes. 

The CHM 5 rMAS said he ihoughl most people who dealt with galenicals 
had been aware that traces of methyl alcohol were frequently found 
when no methyl alcohol had been used in their preparation, particularly 
in the case of senega. A most interesting obscr\ation in this paper was 
the fact that the acid distillation used in the B.P. assay increased the 
amount of methyl alcohol in the case of senega. 

Dr. G. E. Foster (Darlford) said that he had also met this problem 
of methyl alcohol in galenicals. The Customs and Excise Authorities 
would not allow a rebate in certain eases, although only pure ethyl 
alcohol had been used. If anyone implied that methylated spirit had 
been used, it was up to them to prove it, and he did not think they 
would be able to prove it against the manufacturing records that could 
be produced. 


Dr. W. Mitchell (Londonl said that these results would be welcomed, 
not only by manufacturers, but by the Goeernment Chemist’s Depart* 
msnt. The Customs and Excise Department were not so accommodating 
as Dr. Foster had suggested, and the line they always took was that 
no manufacturing records could cover the possibility of accidental mixing 
of a small amount of industrial spirit with S.V.R. The Customs and 
Excise Authorities had complained to his Company that a sample of 
concentrated infusion of senega contained an excessive amount of methyl 
alcohol. After much conespoudence the Authorities had accepted the 
Company’s figure of OT per cent., but had said that the maximum they 
could allow' was 0-03 per cent and anything in excess of that must 
have been added, accidentally or deliberately. They had admitted that 
they did not suspect the Company's bona fides, but were tied by the 
literature. The Authorities had further said that if evidence could be 
provided to support the claim that infusion of senega could contain 0-1 
per cent, or more they w'ould consider it. In his laboratory they had 
recently tested many batches of senega preparations, and so far had 
not found any containing as much as OT per cent of methyl alcohol 
He was interested that the present authors had found these higher 
figures, and he asked how much methyl alcohol they had found in their 
alcohol. Had they used the chromotropic acid test as a confirmatory 
test? He had found it satisfactory in confirming the B.P. test. 


Mr. Brookes, in reply, said that they also had obtained ver\' little 
redress from the Customs and Excise Authorities. He was pleased to 
have the figure of the maximum amount of methyl -alcohol allowed 
as 0-03 per cent. By the usual SchifEs reagent method it w'as difficult to 
determme the content of methyl alcohol in alcohol, but they had managed 
to get some very good SchiSs reagent and found it to be 0-0005 nS 
cent, of methyl alcohol. He had not used the chromotropic aS teS 
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Some Further Studies on thew wrao Tuberculostatic Behaviour 

OF -AMINOSALICYLIC ACID AND RELATED COMPOUNDS 

By D. J. Drain, C. L. Goodacre and D. E. Seymour 

From the Research Department, Herts Pharmaceuticals, Ltd. 

Received June 23, 1949 

In our previous report^, some preliminary results showed that simple 
substitution in the p-aminosah'cylic acid molecule did not produce any 
compound possessing an in vitro tuberculostatic activity markedly higher 
when using Mycobacterium tuberculosis H37RV strain. This paper is 
concerned with the in vitro study of a wider range of 1-2-4-tri-substituted 
aromatic compounds, the majority of which have not been previously 
described; their chemistry will be reported upon elsewhere. The culture 
medium used throughout the work and the technique for the determina- 
tion of activity was similar to that described in our earh’er paper^. It 
may be of interest to note that we have confirmed the observations made 
by Youmans et al.^ that the presence of tween 80 (polyoxyethylene 
sorbitan mono-oleate) in the medium markedly influences the tuber- 
culostatic behaviour of p-aminosalicylic acid and other compounds; this 


TABLE I 

The inhibitory concentration of p-aminosalicylic acid and related 
COMPOUNDS. Inoculum of 0-001 mg/ml. of the h37rv strain 



1 

1 Inhibitory concentration 

Standards 

1 

1 mg. 100 ml 

\ {after 14 days at 3T C.) 


GROUP A 

1 p-Aminosalicylic add 

2 Streptomycin 


GROUP B 


3 

4 


Esters 


NH,: 



COOR 


OH 


|8-DiethyIarrunoethyI-4-amino-2-hydroxybenzoate 

CR=-CH,.CH,.N CC,H,), 

S-Hydroxyethyl-4-anuno-2-hydroxybeiizoate . . . 

(R=-CH,-CH,-0H) 


0-0487— 0-0243 
0-0121— 0-006 


0-1 — 0-01 
(P-195— 0-D915) 
100—10 


GROUP C 


Amides 


NH.< 


>CONHR 


"OH 

5 4.Amino-2-hydroxybenzamIide ... 

(R=-C,H.) , 

6 4-Ainino-2-hydroxybenz-p-toIiudide 

(R=-C.H,.CH,) .... .... .... 

7 4-Amino-2-hydroxymppunc acid... 

(R=-CH,CpqH) ... ... .... 

8 4-Amino-2-hydroxybenzoyl alamne 


lO-I 

10-1 

100—10 

10-1 


COOH}— 

4-Amino-2-hydroxybenzoy/-D£/-aspart/c acid 

(R=-CH-CH.C00H) 

1 100-10 

COOH 



784 



P^!;?,1-AM1N0SAUCYUC ACID. PART 111 
TABLE l—coiitiniicd 


Standards 


Inhihhtan concfrtrotian 
m?. r<r 100 ml. 
(o/trr 14 days at 37 C.) 


CROI/P C— coni. 

IQ 4-Ammo-I-h>(lroc>bcnzoic add h>draade 
( R—NHil 

GROUP D Ethers 


01 — 0-01 
(0-0975-0-04S7) 


* 4-Amino-2-meihoxj benzoic add' 
(R=-COOH.R'.-CH,) 
4-Amino-2-raethox>-tolucnc hjdrocldondc 
(R=-CH..R-.-CH,) 

4-Arnir.o-2.«thox>noluene h> drochloridc, .. 
CR=-CH..R'.-C,H,) 

4. Annno-2*n-propoT> toluene hydi ochloridc 
(R=CH,.R'.CH,CH,.CH,) 
4-Amino-2-n-butox^toluc^e hydrochloride 
(R-CH„R'..CH, (CH,), CH.l 


CROUP E 


CROUP F 


A-Silrosaltc} taldehyJn deriiaiii cs 


NO,-^ ^-CHoR 

\ 

OH 

4.Nitrosalicylaldehsde 

(R»0) 

A-Nitrosalicylildoairae 

(R=N.OH) 

4-Nilrosaliolaldehyde semicarbazone 

(R-N.NHCONHO 

4-Nitrosalio’Ialdeh>de thiosemicarbazone 
(R-N.NHCSNH,) 

4-AminasaUcylatdehide derisalUes 


4-Anunosalicylaldoxime 

(R,N.OH) 


0-01 — 0-001 
(0-003 —0-0015) 
10—1 


CROUP G 
23 


Miscellaneous 

3-5.dUodo.4-3mino-2-hydroxybenzoic add 
I 


0 - 1 — 0-01 
(0-0975— 0-04S7) 


, I OH 

4-cyano-2-hydtoxybenzoic add ... 


4-Amino.2-hydroxypbenylacetie add 


-CH,COOH 


of M°Sd^"^7RV 5’a“?^aS? ^ 10 * 


10 mg/lOO ml. 
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substance was, however, retained in our medium as its presence facilitates 
the turbidimetric standardisation of inoculum. The less soluble com- 
pounds were dissolved in propylene glycol, which was found to have no 
tuberculostatic effect when used in concentrations of 1 per cent, and below. 

Table I shows the inhibitory concentrations of the compounds 
examined when using a standard inoculum of 0-001 mg./ml. (dry bacterial 
substance) of M. tuberculosis H37RV strain. The standards used were 
p-aminosalicyclic acid and streptomycin and compounds exhibiting acti- 
vities of an order similar to the two standards were examined in closer 
dilutions. 

The above results coupled with those obtained by others^’^’^’®’-’® sug- 
gest that there is no apparent relationship between chemical structure 
and in vitro tuberculostatic activity in this group of compounds, and 
from data obtained it would appear difficult to predict the effect of a 
simple variation in structure on in vitro activity. One can conclude that 
there is a high degree of specificity of the p-aminosalicylic acid molecule 
for tuberculostatic activity, and with the possible exception of the esters, 
alteration in molecular structure gives rise to markedly diminished acti- 
vity. The anomalous results relating to the activity of the esters^’^’®-®-' 
may be due to their low solubility and tendency to hydrolyse under con- 
ditions of test. The effect of nuclear substitution with the exception of 
halogens has received no attention, and we propose to investigate this 
type of compound and report more fully. 

We are of the opinion, however, that some of the compounds referred 
to in our previous paper, together with compounds No. 3,4,7 and 10, 
are worthy of a preliminary in vivo examination in view of the possibility 
that they may possess certain advantages over p-aminosalicylic acid by 
being less rapidly absorbed and excreted. The aldehyde derivatives 
(Groups E and F) have special interest for animal work in view of the 
reports by Domagk et dl.^ that certain benzaldehyde thiosemicarbazone 
derivatives have promising properties in the treatment of some forms 
of tuberculosis. Compound No. 21 (the thiosemicarbazone of p-amino- 
salicylaldehyde) is considered to possess sufficiently high in vitro activity 
to justify a trial in animals. For comparison purposes we report m 
Table 11 the in vitro activities of two of the compounds studied by 


TABLE II 


1 

) 

i 

[ Inhibition concentration 

j mg./IOO 

26 i p-methoxybenzaldehyde thiosemicarbazone 

1 0-0487— 0-0243 

1 CH,0-/ \-CH=N.NH.CS.Nn, 

i ^ ^ i 


27 1 /j-acecy 7 ani/nobcz 2 zaIdehyde tbioscnwcarbazone ... '•* > 

0-0975—0 0487 

i CH,CONH((^ CH=»N.NH CS.NH, j 
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Domagk, namely, p-meihoxybcnzaldchydc ihioscmicarbazone and 
p- 2 cetylaminobenzaldehyde thioscmicarbazonc. 

The obsen’ation that the action of jp-aniinosalicylic acid is antagonised 
by p-ammobenzoic acid’’" has led us to study the possible cllects of 
other members of the vitamin B group; at this stage it is possible to 
report that such antagonism is not displayed by pteroylglutamic acid. 
The signihcance of this cannot be realised until further results arc ob- 
tained. It is interesting to note that the activity of sulphathiazolc against 
Staphylococcus aiireiis^'^ is similarly antagonised by p-anainobenzoic acid 
and not by folic acid. 


SUM.\fARV 

1. A series of tri-substituted aromatic compounds have been 
sjmhesised and their in vitro activities against the tubercle bacillus de- 
termined. The results of the study indicate no apparent relationship 
between structure and activity’. 

2. The thiosemicarbazone of p-aminosalicylaldehyde has been 
synthesised and its activity compared with the thiosemicarbazones of 
p-acetylaminobenzaldehyde and p-metho\ybenzaldehyde. 

The authors wish to thank Mr. D. Suddaby, B.Sc., A.R.J.C., and Mr. 
B. W. Mitchell, B.A. (Cantab.), A.R.I.C., for the preparation of some 
of the compounds and the Directors of Herts Pharmaceuticals Limited 
for permission to publish these results. 
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substance was, however, retained in our medium as its presence facilitates 
the turbidimetric standardisation of inoculum. The less soluble com- 
pounds were dissolved in propylene glycol, which was found to have no 
tuberculostatic effect when used in concentrations of 1 per cent, and below. 

Table I shows the inhibitory concentrations of the compounds 
examined when using a standard inoculum of 0-001 mg./ml. (dry bacterial 
substance) of M. tuberculosis H37RV strain. The standards used were 
p-aminosalicyclic acid and streptomycin and compounds exhibiting acti- 
vities of an order similar to the two standards were examined in closer 
dilutions. 

The above results coupled with those obtained by others^’^’^’®’"’® sug- 
gest that there is no apparent relationship between chemical structure 
and in vitro tuberculostatic activity in this group of compounds, and 
from data obtained it would appear difficult to predict the effect of a 
simple variation in structure on in vitro activity. One can conclude that 
there is a high degree of specificity of the p-aminosalicylic acid molecule 
for tuberculostatic activity, and with the possible exception of the esters, 
alteration in molecular structure gives rise to markedly diminished acti- 
vity. The anomalous results relating to the activity of the esters’’^’®-®’" 
may be due to their low solubility and tendency to hydrolyse under con- 
ditions of test. The effect of nuclear substitution with the exception of 
halogens has received no attention, and we propose to investigate this 
type of compound and report more fully. 

We are of the opinion, however, that some of the compounds referred 
to in our previous paper, together with compounds No. 3,4,7 and 10, 
are worthy of a preliminary in vivo examination in view of the possibility 
that they may possess certain advantages over p-aminosalicylic acid by 
being less rapidly absorbed and excreted. The aldehyde derivatives 
(Groups E and F) have special interest for animal work in view of the 
reports by Domagk et n/.® that certain benzaldehyde thiosemicarbazone 
derivatives have promising properties in the treatment of some forms 
of tuberculosis. Compound No. 21 (the thiosemicarbazone of p-amino- 
salicylaldehyde) is considered to possess sufficiently high in vitro activity 
to justify a trial in animals. For comparison purposes we report m 
Table II the in vitro activities of two of the compounds studied by 


TABLE n 

] 

1 

1 Inhibition concentration 

j /w?./100 ml. 

26 \ /vmethoxybenzaldehyde thiosemicarbazone 

1 0-0487— 0 0243 

j \-CH=N.NH.CS.Nn, 

( 

1 

1 ] 

27 i p-aceiylaminobenzaldchyde thiosemicarbazone ... • • 

1 

0-0975— 0 0487 

I 

1 CH.CONH<^ \_CH-N.NH CS.NH. 
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Lehmann*, Humi\ and Seisers^ suggest that “ drug-fastness is not a 
significant problem in the treatment of tuberculosis with this drug. 

Vtlulst this paper was in course of preparation, Gracsslc^ and 
Pietrowski^ reported that repeated exposure of M. liiberailosis Hj 7RV 
to p-aminosalicylic acid for 120 days failed to produce an increase in the 
resistance of the strain. 

TABLE I 


f^AranosalicyUc And irc,as;nc''t 


Ca.se No 

Before treiureal 






2 nontht 

3 tro'.tSs 

4 n'0'n‘« 

I 

0 OCIJ— 0 Old 



0 C675— 0 5457 

~ . 

0 CWS7— 0 o:4j 

0 0245—0 0121 



3 

0 OdJ— 0 0121 



0 5457—0 0243 

4 

0 O24’~0 0121 



0 5457—0 0243 

5 

0 024* — 0 0121 



0 0457—0 0243 

6 

0 0244—0 0121 



0 0243—0 0121 

7 . 

0 5487—0 024*. 

0 5457—0 0243 


0 5457—0 0243 

S 

0 5457—0 0243 

0 5457—0 0243 


0 5457—0 0243 

9 

0 0242—0 0121 



3 125 —I 56 

10 

0 0243—0 0121 

0 0243—0 0121 


0 0121— 0 006 

21 

0 5457—0 0243 

0 0457—0 0243 


0 0457—0 0243 

12 

0 0457—0 0243 

0 0243—0 0121 


0 5457—0 0243 

13 

0 39 —0 195 

0 39 -0 195 


0 0975—0 54S7 

M 

0 5457—0 0243 

0 0457— 0 0243 


0 0457—0 0243 

15 

0 0243—0 0121 

0 0243—0 0121 


0 0243-0 0121 

16 

0 0243—0 0121 



0 0243—0 0121 

17 

0 5457—0 0243 


0 5457—0 0243 


18 

0 0457— 0 0243 


0 5457—0 0243 


19 

0 0243—0 0121 

0 0243—0 0121 




0 0243—0 012! 

0 0245-0 0121 



21 

0 5457— 0 0243 



0 5457—0 0243 

22 

0 0243—0 0121 



0 0243—0 0121 

23 

0 0243-0 0121 

0 0243—0 0121 



24 

0 0243—0 0121 

0 0243—0 0121 



25 

0 04S7— 0 0243 


0 5457—0 0243 



The authors are indebted to Dr, R. Shouhnan of the Highlands 
Hospital, Winchmore HiU, and Dr. 3. Alston of the Archway Hospital, 
N.19, for the supply of the cultures. They also nash to* thank the 
Directors of Herts Pharmaceuticals Ltd., for permission to publish. 


SUMSURY 

1. After repeated exposure of M. tuberculosis H37RV to p-amino- 
salicyhc acid for 10 months, no increase in resistance de\ doped. 

2. Out of a total of 25 strams of M. tuberculosis isolated from patients 
recemng p-aminosahcylic acid, only one developed ans increase in 
resistance after four months’ treatment. 
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Attempts to Induce Resistance to P^tJ/^-Aminosalicylic Acid, in 
Strains of Mycobacterium tuberculosis 

By C. L. Goodacre and D. E. Seymour 

From the Research Department, Herts Pharmaceuticals Ltd. 

Received, June 23, 1949 

The unfortunate limitation of streptomycin in the treatment of tubercu- 
losis, due to the development of drug resistance, suggested to us the 
necessity for an investigation as to whether similar phenomena might 
occur with p-aminosalicylic acid. 

The investigation was concerned with attempts to induce drug-resistance 
in vitro, and with a study of strains of M. tuberculosis isolated from 
patients before and during p-aminosalicylic acid treatment. The H37RV 
strain was cultivated in Dubos medium containing decreasing amounts 
of the acid. After a suitable incubation period, the bacilli in the tubes 
containing the highest concentration of p-aminosalicylic acid which was 
still allowing growth were freed from it by washing, and used to inoculate 
a similar series of tubes. No increased resistance was demonstrated by 
this method, in fact, no growth at all occurred at the dilutions used after 
two or more passages. These results are confirmed by Humi^ who 
reported on a similar study while this work was in progress. In view of 
the unsatisfactory results obtained with the above method, the following 
procedure was adopted in an attempt to induce drug resistance. A large 
inoculum (0.5 mg. /ml. of dry bacterial substance) of M. tuberculosis 
H37RV was introduced into Dubos medium containing p-aminosahcylic 
acid in a concentration of of 100 mg. /ml. After 14 days’ incubation, a 
s im ilar concentration of p-aminosalicylic acid in Dubos medium was 
inoculated from this culture. Inhibition concentration tests were made 
at monthly intervals, and after 10 months (20 passages) the organisms 
showed a similar p-aminosalicylic acid sensitivity to that at the beginning 
of the experiment. A duplicate experiment was carried out using a 
medium containing no tween 80 with similar results. 

These results suggest that under the above conditions the H37RV strain 
does not become resistant to the tuberculostatic action of p-amino- 
salicylic acid. In an attempt to obtain further and possibly more signifi- 
cant data we obtained cultures of M. tuberculosis isolated before and 
during treatment from patients suffering from pulmonary tuberculosis 
who received 20 g./day for 6 /day week of sodium p-aminosalicylate 
given orally in divided doses. The strains, after cultivation in Dubos 
medium, were subjected to sensitivity tests by the method described in our 
previous paper^ using a standard inoculum (0-001 mg./ml. of dry bacteml 
substance). The results of these experiments are shown in Table I and it 
will be seen that in only one instance (case 9) was there any indication 
of development of resistance to p-aminosalicylic acid. It is of interest 
to note, however, that there does exist a slight difference in sensibvity 
between different strains. These results together with those oi 
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Leiunaiin% Hurni', and Seh crs’ succesi that “ drug-fasincss is not a 
significant problem in the treatment of tuberculosis with this drug. 

NMiilst this paper was in course of preparation, Grawsle and 
Pietrowski^ reported that repeated exposure of Af. ntberetdosis H37RV 
to p-aminosalicylic acid for 120 days failed to produce an increase in the 
resistance of the strain. 


TABLE 1 




Caifi No 

ircilT'eat 






2 teo'Uhs 

3 r'onihs 

4 months 

I 

0 014 1—0 0111 



0 0975-0 0457 

1 

0 (MS7— 0 0143 

0 0244—0 0121 



3 

0 0144—0 0121 



0 0457— 0 0245 

4 

0 0244—0 0121 



0 0457— 0 0243 

5 

0 0244—0 0121 



0 0457—0 0244 

6 

0 0243-0 0121 



0 0243—0 012! 

7 

0 04S7— 0 0244 

0 0487—0 0243 


0 045'— 0 0243 

E 

0 04S7— 0 0243 

0 0;S7-0 0243 


0 0457—0 0244 

9 

0 0243—0 0121 



3 125 —I 56 

10 

0 0243—0 0121 

0 0244—0 0121 


0 012V— 0 006 

n 

0 0457—0 0243 

0 04S7— 0 0243 


0 0457—0 0244 

12 

0 0457—0 0243 

0 0243—0 0121 


0 0457—0 0243 

13 

0 39 —0 195 

0 39 -0 195 


0 0975—0 0457 

14 

0 0457— 0 0243 

0 0457—0 0243 


0 0457—0 0243 

15 

0 0243—0 0121 

0 0243—0 0121 


0 0243-0 0121 

16 

0 0243—0 0121 



0 0243—0 0121 

17 

0 0437— 0 0243 


0 0457—0 0243 


U 

0 04S7— 0 0243 


0 0457—0 0244 


19 

0 0243—0 0121 

0 0244—0 0121 



20 

0 0243-0 0121 

0 0243—0 0121 



21 

0 0457—0 0243 



0 0487—0 0243 

22 

0 0243—0 0121 



0 0243—0 0121 

23 

0 0243—0 0121 

0 0243—0 0121 



24 

0 0243—0 0121 

0 0244—0 0121 



25 

0 0457— 0 0243 


0 0457-0 0243 



The authors are indebted to Dr. R. Shoulman of the Highlands 
Hospital, Winchmore Hill, and Dr. J. Alston of the Archway Hospital, 
H.19, for the supply of the cultures. They also wash to thank the 
Directors of Herts Pharmaceuticals Ltd., for permission to publish. 


Summary 

1. After repeated exposure of M. tuberculosis H37RV to p-amino- 
saheyhe acid for 10 months, no mcrease in resistance developed. 

2. Out of a total of 25 strams of M. tuberculosis isolated from patients 
receiving p-aminosahcylic acid, only one developed an% increase in 
resistance after four months’ treatment. 


1 

3. 

4 

5 
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SOME ASPECTS OF THE PHARMACOLOGY OF PARA- 
AMINOSALICYLIC ACID 


By E. M. Bwin 

(Ffoin the Pharmacological Laboratory, British Chemicals and Biologicals Ltd., 

Loughborough) 

Received July 2, 1949 

Para-AMiNOSALiCYLic acid has now become of such general interest that 
it is hardly necessary to quote in detail the many references in the literature 
to its chemistry, pharmacology and clinical value. Most of the studies 
on the pharmacology of this substance have been carried out in 
Sweden^’^’^’^’® and America s-v.s.g.io little has so far been published 
in this country. The object of the present series of experiments was to 
confirm, if possible, certain aspects of the published work and to extend 
the study of the pharmacology of p-amino-salicylic acid in other directions. 

The acute and chronic toxicity of the drug in the strain of mice used in 
this laboratory was first determined, together with the pathological effects 
of prolonged administration. Blood levels and rate of excretion in mice 
were studied and following the work of Beyer^’-’^’^ the possible effect of 
4-carboxy-phenylmethanesulphonanilide (Caronamide) in retarding 
excretion was investigated. Erdei and Snell^®’ Nagley and Logg^^ and other 
clinical workers have commented on the fall in temperature produced in 
tuberculous patients treated with p-aminosalicylic acid and it seemed 
desirable to study the possible antipyretic effect of the drug. O’Connor'®, 
bearing in mind the known action of salicylates, referred to the possibility 
of causing hypoprothrombinsmia by the use of p-aminosalicylic acid, and 
it was felt that experimental evidence on this point, also, would be useful. 

The chemotherapeutic action on Mycobacterium tuberculosis in mice 
was investigated, using a technique very similar to that described by 
Y oumans and Me Carter'®. A report by Woody and Avery'^ that potassium 
iodide potentiated the action of streptomycin in guinea-pigs infected wth 
tubercle suggested that this work should be repeated using p-amino- 
salicylic acid as the tuberculostatic drug. 

Experimental Methods 

Toxicity. White Swiss mice of both sexes weighing 20 to 25 g. were 
used. In acute experiments, the drug was administered intravenously, 
subcutaneously, intraperitoneally and orally as an aqueous soludon of 
the sodium salt, and observations of mortality were continued for 7 days 
after injection. Oral doses were given by stomach tube under light ether 
anaesthesia. In chronic experiments, the drug was given dissolved in the 
drinking water and the amount consumed daily per cage of * 

was measured. The solution was provided in drinking bulbs wit 
constricted outlets, so that the animals were able to obtain liquid oy 
licking the ends of the tubes but no loss of the solution by spi/ii ng 
occurred. 
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Blood krels. Blood samples were obtained at intervals after administra- 
tion, by decapitation of the mice. Estimations were earned out by the 
method described below. 

Antipvrelic effect. Rabbits of a mixed stock and both sexw, weighing 
2 to 3 kg., were used. Pyrexia was induced by intravenous injections of a 
solution of pjTogen prepared from Pseudomonas aruginosa by the method 
of Welch et ald^. Rectal temperatures were determined xsith clinical 
thermometers. p-Aminosalicylic acid and known antipyretics were 
administered intravenously and orally. 

Prothrombin Times. Prothrombin times on rabbits were determined 
by Quick's method'®. Blood samples were removed from the ear vein 
by syringe containing 0-1 ml. of OdOM sodium oxalate per ml. of blood. 

Chemotherapy. Mice were used of the same strain as those used for 
the toxicity' experiments. They were infected v.'ith M . tuberculosis H37 Rv. 
These organisms were cultured in a modified Dubos medium containing 
NaH 2 P 04 1-0 g.; Na.HPO^, 12H;0 6-25 g.; Sodium citrate 1-5 g.; 
MgS 04 , 7 Ho 0 0-6 g.; Casein hydrolysate 2-0 g.; Tween 80 0-5g .; tap 
water 1000 "ml. Cultures for mouse inoculation were grown in the above 
medium for 10 days at 37'’C. Most of the clear supernatant was poured 
off and the deposit harvested. A 5 ml. sample of the thick suspension 
was assayed for moist weight of organism per ml. by centrifuging, 
resuspending in a small amount of alcohol (50 per cent.) and centrifuging 
again in a tared tube. The supernatant liquid was poured off and all 
excess of moisture was removed with a small cotton wool swab. This 
method appeared to give reasonably reproducible results when several 
assays were made on one suspension. The assayed suspension was 
standardised to twice the concentration required finally, using the modified 
Dubos medium. 


Fresh egg yolks were separated and shaken with an equal volume of 
sterile saline and strained through several layers of muslin. Material 
for inoculation was prepared by mixing equal parts of egg yolk mixture 
and double strength culture suspension. 0-25 ml. of this suspension 
containing 0-3 rag. moist weight of organisms (occasionally OT or 1 -0 mg.) 
was injected intravenously into each mouse. 

The survival time of untreated mice infected with 0-3 mg. of organisms 
was usually between 15 and 30 days and survival time over a period of 
28 days was used as the main criterion of the protective action of drugs. 
Post-mortem examinations were carried out on the heart, lung, liver 
spleen, kidney and gut for macroscopic lesions and in certairi cases 
microscopical examinations of fixed sections were made. We have not 
found the close correlation between post-mortem appearance and dose 
of drug reported by Raleigh and Youmans.®® 

The drag under examination was administered either subcutaneously 
a day into the interscapulat region or orally in the drinking water 
as desenbed for the toHcity experiments. In the latter case, measurement 
were made of the dmly consumption per cage of 5 mice. SSag?™ 
commenced withm an hour or two of infection, with the excention of the 
wnere the drag was given 14 days after infection. 
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Estimation, of jj-Aminosalicylic Acid 

After trials of the numerous published methods, we find the following 
modification of the method described by Klyne and Newhouse^i the most 
useful for our purpose. 

(i) Determination in Blood. 

Reagents; Solution of p-toluenesulphonic acid 20 per cent, in 0-2N 
hydrochloric acid. 

Hydrochloric acid, 10 per cent. v/v. 

0*75M disodium hydrogen citrate prepared by mixing 
39-4 g. of citric acid with 16-8 g. of sodium hydroxide and diluting to 
250 ml. 

Solution of p-dimethylaminobenzaldehyde 2 per cent, in 
alcohol (95 per cent.). 

I'O ml. of oxalated blood is added to 13 ml. of distilled water with 
shaking. After 3 minutes, 6 ml. of p-toluenesulphonic acid reagent is 
added slowly with shaking. The mixture is filtered through a Whatman 
No. 4 paper and refiltered if necessaiy to give a clear solution. To 
5 ml. of the filtrate, add TO ml. of the citrate buffer, 0-4 ml. of 10 per 
cent, hydrochloric acid and TO ml. of j9-dimethylaminobenzaldehyde 
reagent. Make up to 10 ml. and read on the Spekker absorptiometer 
after 15 minutes, using OBI filters and a 1 cm. cell. A blank is similarly 
prepared from normal blood. 

(ii) Determination in Urine. 

Reagents; — ^Trichloracetic acid, 10 per cent. w/v. 

Solution of sodium hydroxide I per cent. 

Hydrochloric acid, 10 per cent. v/v. 

Ehrlich’s reagent (I g. of p-dimethylamnobenzaldehyde 
in 3-3 ml. of concentrated sulphuric acid diluted to 50 ml. with distilled 
water). 

(a) Procedure for free ^-aminosalicylic acid. 

The urine is diluted to 50 volumes with distilled water and 1 ml. of the 
diluted urine added to 9-0 ml. of the following mixture; — Trichloracetic 
acid 10 per cent, w/v 32 ml.; solution of sodium hydroxide 1 per cent. 

30 ml.; Ehrlich’s reagent 10 ml.; distilled water 18 ml. The colour is 
read on the Spekker absorptiometer using OBI filters and 1 cm. cells. 

(h) Procedure for total ^-aminosalicylic acid. 

To 1 -0 ml. of urine 2 ml. of hydrochloric acid 10 per cent, v/v is added 
and the whole diluted to 10 ml. with distilled water. This diluted urine 
is heated on a water-bath at 100°C. for 1 hour, when all the acid free, and 
conjugated, is decarboxylated to m-aminophenol. The solution is then 
diluted to 25 ml. and the m-aminophenol estimated by the 
described for free acid, substituting the 1 : 25 acid solution for the I . 
aqueous dilution. Standard curves are used to convert the extinction 
coefficients into /7-aminosalicylic acid concentrations in all estimations. 
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E. M. BAVIN 


oral doses to mice over a long period (75 days) and their figures of 
2'5 mg./g. for a toxic dose and 1 -0 to I '5 mg./g. for a tolerated dose agree 
well with those given above. 

A histological examination of the tissues of the mice used in the chronic 
series of experiments was made either at the time of death or, if the 
animals survived the test period, at the end of the test. Many of the 
kidney sections showed a cloudy swelling with some congestion of the 
tubules and the appearance of a deposit in the lumen. The glomeruli 
appeared normal. Many of the liver sections showed a loss of cell outline, 
with granulation of the cytoplasm and signs of nuclear degeneration. The 
hearts, lungs and small intestines appeared normal in nearly all cases. 

Blood levels. Following oral doses of 0-5 mg./g to mice, the blood 
level rose rapidly to about 30 mg./lOO ml. in 1 hour and fell quickly to 
zero after about 4 to 5 hours. This is in agreement with earlier reports 
using rabbits and guinea-pigs^*^®. Caronamide given simultaneously 
with p-aminosalicylic acid in oral doses of 0*125 to 0*5 mg./g. had no 
effect on the peak blood level but appeared to delay somewhat the fall 
in blood levels. (Fig. 1.) 



^ o. f p-Aminosalicylic acid 0*5 rng./g- orally 

O u ■< Caronamide 0*5 mg./g. orally 

O O p-AminosaUcylic acid 0 5 mg./g. orally 


This result was not obtained regularly and, in any case, did 
to be of the same magnitude as that obtained with Pemcilhn fW 

However, it seemed worthy of trial in ,e^Is of 

shows the negligible effect exerted by caronamide on the bloou 

p-aminosalicylic acid in two normal men. • uv nne laree 

Apart from the blood concentration produced in mice by 
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TABLE m 

ANTgYRgnc EFFECT OF /l-AMINOSAUCYLIC ACID 


Number of Rabbits 

f 

1 

Dosage ] 

! 

Average maximum rise 
in temperature °P. 

12 

f 

1 

! 

Standard Pyrogen 

1 : 250 Dilution 

5 ml./rabbit 
intravenously 

1-91 

11 

n 

i 

1 

Standard Pyrogen 

as above ( 

1 

I'Og./kg. ofacid , 

orally | 

1-7 

12 

i 

t 

Standard Pyrogen j 

as above 
+ 

200 mg./kg. of 
aspinn orally , 

1-27 


occurred. In experiment 2, only one normal level was determined, 
followed by daily intravenous doses of 0-5 g. After 5 days, a statistically 
significant increase in prothrombin time was observed, but this fell again 
to a non-significant level after 12 days. Table IV gives the results of 
these experiments and it would appear that, on the v/bole,/>-amiaosalicylic 
acid, in the dose used, has very little effect on the prothrombin times of 
rabbits. 



Fig. 3.— Effect of Caronamide on p-Aminosalicylic Acid blood levels in human 

subjects 


A 



O O 


(All doses administered orally) 
bject A 20 g. of / 7 -aminosalicylic acid 
3 g. of caronamide; 4 hours later 3 g. of caronamide. 
bject A 20 g. of p-aminosalicylic acid 
biect B 20 e. of p-aminosalicylic acid . 

of caronamide; 4 hours later 3 g. of caronamide. 
bject B 20 g. of p-aminosalicylic acid 
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TABLE IV 

Enter OF p-akhnosaucvuc aod on the rROT»ROMms times of rapcfts 


A^e^^gc Proihrombm times in scamds 


Etpenmem 

Number 

of 

Rabbits 

DaiU Do<c 

Normal 

ARcr 3 
(lavs 

insaimcni 

After 5 
da>-s 

trcatmc.-it 

After 12 
daO'S 

treatment 





1 

_ - - . 



I 

4 

0-5 g* of acid per 
rabbit oraU> 

10 5 . 9 25 

9 93 




5 

0 5 g. of acid per 
rabbit 

intrascnousb 

S 1 


10 5 

9-5 


Therapeutic action. The first experiments were directed towards 
determining the seijsitivit>’ of the test to graded doses of drug and 
infective organisms. Table IV gives the average survival rates of fairly 
large numbers of mice under varying conditions, treated with graded 
oral doses. 

TABLE V 

Effect of p-avonosaucvuc acu> on survival rates of vncE infected with 

M. tuberculosis 


CoQcertraiion in 

Acid consumed 

Inf«:ting dose of organism H37 RV (intravenously) 

dnnV.ing vaicr 

mg /mouse da> 



0-1 mg 


I 0 me 

0 3 mg. 

per cent. 


pcrcettt 

per cent 

per cent. 

0 25 

10 0 approx 

6S(I5) 

90 (20) 

90 (20) 

0 MS 

5 0 appro’s 

30 um 

S3 (35) 

100(20) 

0 0625 

2 5 approx 

20(15) 

55 (40) 

E7 (15) 

ml 

ml 

0(25) 

IS (65) 

56 (25) 


Figures in brackets indicate the number of mice used. 

It will be seen that the test offers a reasonable degree of discrimination, 
particularly in the group receiving 0-3 mg. of organism. Streptomycin 
was used as a standard of comparison and Figure IV shows the survival 
rates of mice infected with 0-3 mg. H37 RV and treated with Uvice-daUy 
subcutaneous injections of streptomycin or oral doses of j7-aminosalicylic 
acid. 

Talcing the area of each curve as a measure of the comparative action 
of the respective doses of the tw'o drugs, we found that streptomycin 
administered subcutaneously was between 3 and 6 times more active than 
p-aminosalicylic acid orally. 

TABLE VI 

Comparative therapeutic action of p-amikosalicylic acid and 
STREPTOSTYCIN SUBCUTANEOUSLY 


Daib dose 

MonaJity 
after 8 
xvecks 

Average 
survival ' 

times 1 

Average 
grade of 
lung lesions 

2’5 mg of aaU 

950/i g. of streptomjcin 

375^ g of strepiomvcm - 
Nil . . ... 

I 

- — i 

56 da>s (max.) 

1 56 days (max.) 

44 dayni 

1 IS 2 days i 

3 75 

2 6 

4 0 

4 0 
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• subcutaneously, the results were as shown 

in Table VI. Giving some weight to the observations on the lung lesions, 
It would app^r that streptomycin is about 5 times more active than 
p-aminosalicylic acid when both drugs are given subcutaneously. 



Time in days 

Fjg, 4, Comparison of p-Amineosalicylic acid (orally) with Streptomycin 
(subcutaneously) against experimental tuberculosis in mice 


—+—+—+• 


2 X 375 (ig. of streptomycin daily. 

0’125 per cent, p-aminosalicylic acid (c. 5’0 mg./day) 

2 X 187'5 (ig- of streptomycin daily 

0'0625 per cent, p-aminosalicylic acid (c. 2'5 mg./day) 

Controls 


Curative Action. It was realised that the above type of experiment, 
although quite useful for screening purposes, did not reproduce the 
conditions occurring clinically, where an established infection has to be 
treated. Some experiments were, therefore, carried out using mice in 
which the infection had been allowed to develop, as judged by the 
histological examination of control animals, before treatment with 
/7-aminosaIicylic acid was commenced. Figure V gives the result of such 
an experiment, from which it will be seen that the acid has some curative 
effect, although, naturally, it is not so effective as when given from the 
commencement of the infection. Further experiments on these h’nes are 
being carried out. 

Development of resistance. Evidence that resistance does not develop 
either experimentally or clinically has already been reported «.i^.23,24,25 
Our own experiments, so far, confirm these reports and it is unnecessary 
to report them in detail. Briefly, the experiments were of two types, one 
in which the infective organism (H37 RV) had been grown in medium 
containing the acid and had then been used to infect mice which were 
subsequently treated with p-aminosalicylic acid, and the second in which 
the infective organism was obtained from mice which had been treated 
with p-aminosalicylic acid for a considerable period. 
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In the first case, the organism had been grown in a medium containing 
1-0 mg./ml. of / 3 -aminosalicylic acid and mice infected with this strain 
were found to be quite as responsive to the therapeutic action of the acid 
as mice infected with a similar strain grown in a normal medium. 



Fig 5 —Effect of p-aminosalicyhc acid against an established tubercular infection 

m mice 


0 125 per cent p'aminosahc>lic acid (e 5 0 mg./day) 
Controls 

'I' Dosage of p-aminosahcyhc acid started 


In the second case, the strain of organism was isolated from mice which 
had received 10 mg./day orally for 42 days and, here again, mice infected 
with this strain showed no sign of resistance. These results would appear 
to support previous work that resistance does not occur to any large 
extent, but, in view of the suggestion*® that it is not easy to demonstrate 
resistance to streptomycin experimentally in mice, it was thought 
advisable to repeat the second type of experiment using more passages 
through p-aminosalicylic acid-treated animals and with streptomycin 
controls. These experiments are still in progress and will be reported at 
a later date, 

TABLE VII 

Effect of potassium iodide on the tuberculostatic action of 

P-AMINOSAUCYUC ACID 



Concentration in dnnking water | 

Mortality 

Axerage sunival 
times 

0 0625 per cent 

of and 

7/10 

31 3 days 

0 0625 per cent 

of aad - 0 M per cent of potassiam iodide 

7/10 ' 

39 3 dai*: 

0 04 per cent of potassium iodide 

8/10 

I9 0da>s 

Nil 


5/5 

1 IS 2 days 
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Potentiation by Potassium Iodide. Woody and Avery^^ have reported 
that potassium iodide has a marked potentiating effect on the action of 
streptomycin in tuberculous guinea-pigs. It was decided to investigate 
the effect of potassium iodide on the therapeutic action ofp-aminosalicylic 
acid, and Table VII gives the results. Statistically, the difference in 
survival time is not significant. The effect of potassium iodide is not so 
marked as reported by Woody and Avery for streptomycin, but the 
above experiment is being repeated using increased concentrations. 

Discussion 

The experiments in which p-aminosalicylic acid was given in the 
drinking water are of a more quantitative character than those previously 
described, inasmuch as the daily drug consumption has been measured. 
This has enabled us to determine a rather more accurate maximum oral 
tolerated dose over a period of 3 months and to make a comparison of 
the tuberculostatic action of streptomycin and p-aminosalicylic acid. 
Parenterally or orally, p-aminosalicylic acid appears to be much less 
active than streptomycin parenterally. 

Caronamide has been shown to have little or no action on p-amino- 
salicylic acid blood levels and it seems likely therefore that the renal 
mechanism for the excretion of the acid is different from that obtaining 
in the case of penicillin. This antibiotic has been shown to be excreted 
largely via the tubules and the experimental result suggests that 
p-aminosalicylic acid may be excreted mainly by the glomeruli. 

p-Aminosalicylic acid has been shown to have no effect on the 
prothrombin times of rabbits, and it would appear therefore that it does 
not form any derivative of salicylic acid capable of affecting the pro- 
thrombin times and that prolonged use is unlikely to lead to haemorrhagic 
states. 

The contrast between the lack of antipyretic effect shown by 
p-aminosalicylic acid experimentally and the reports of such an effect 
clinically may be due to the difference in sensitivity of rabbits and man 
to antipyretic drugs. The dose of acetylsalicyhc acid necessary to 
exert a marked antipyretic effect in rabbits is considerably larger, weight 
for weight, than for a similar effect in man, and other workers^' have 
reported similarly large doses of other antipyretics as being required by 
rabbits. Co Tui and Schrift’s report^® of the relative insensitivity of 
rabbits to pyrogen compared with man is probably another demonstraU’on 
of this disparity. ' Brownlee^® has very recently shown that p-amino- 
salicylic acid has a peripheral vaso-dilating action in the human subject, 
and suggests that the heat loss so produced may explain the drug’s anti- 
pyretic effect. In a fur bearing animal, such as the rabbit, the vascular 
effect would be unlikely to produce such a marked heat loss and this 
may be an alternative explanation of the different action of the drug m 
rabbits and man. It is proposed to investigate further the antipyretic 
action of p-aminosalicylic acid using partially depilated rabbits. 

Resistance to p-aminosalicylic acid does not seem to occur, nor oes 
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potentiation by potassium iodide, but further work on botl\ these pointv 
is desirable. 

Summary 

1. Acute and chronic toxic doses of /^-aminosalicylic acid to mice 
have been determined by various routes of administration. 

2. Prolonged ora! and subcutaneous administration to mice produces 
some pathological effects on the liver and kidney. 

3. A method is described for the estimation in blood and urine, and 
blood levels cun’es are given in mice and man. 

4. Caronamide has no effect on the blood levels in man. 

5. It appears to have no hypoprothrombinmmic or antipyretic effect 
in rabbits. 

6. It e.xerts a protective effect in mice infected with j\f. tuberculosis 
H37 Rv, but it is not so effective an antitubcrcular drug as streptomycin. 


My grateful thanks are due to my colleagues Mr. A. S. Beach, Mr. 
■>. H. Manin, Mr. T. R. Middleton and Mr. C. R. B. Williamson for 
their assistance in tliis work, and I am indebted to the Directors of 
British Chemicals and Biologicals Ltd., for permission to publish 
this paper. 
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During the long history of ergot much time has been devoted to the 
study of the alkaloids, to which the drug owes its therapeutic and toxic 
properties. Many workers have contributed to our knowledge of this 
subject and, in particular, the problem of assaying ergot has been a major 
topic, engaging the attention of laboratories all over the world. A good 
summary of analytical work' up to 1937 has been given by Barger’ 
and a later account has more recently been published by the American 
Pharmaceutical Association-. In spite of the effort already expended on 
this project, however, available methods still lack specificity; biological 
assays measure the total potency due to the alkaloids in the preparation 
under examination, while colorimetric and other chemical* methods 
estimate the total alkaloids, the water-insoluble or the water-soluble 
alkaloids. The results may be stated in terms of alkaloid calculated 
as ergotoxine, ergotamine or ergometrine but no method so far available 
will allow the actual amounts of these alkaloids in a specimen of ergot 
to be determined. 

It was the purpose of the work, described in the present communica- 
tion, to apply the technique of paper partition chromatography® to this 
problem for, in view of the remarkable success' of this new technique 
in other fields, there was good reason to believe that results of interest 
would emerge. » 

Separation of Alkaloids 

The separation of amino-acids on paper chromatograms using a water 
saturated solvent, first described by Consden, Gordon and Martin®, is 
well known. These workers used strips of filter paper, on which were 
placed spots of the solutions under test, the upper end of the paper 
being immersed in a horizontal trough containing the water-saturated 
solvent. The strips were hung in an airtight chamber in an atmosphere 
saturated with water and solvent. The solvent from the trough 
gradually passed down the paper causing separation of the amino-acids 
which were subsequently located on the paper by use of the ninhydrm 
reagent. A suitable chamber was provided by using a stoneware drain- 
pipe standing vertically and closed by a lead tray at the bottom an a 
sheet of plate glass at the top. Water saturated with solvent was placed 
at the bottom of the chamber in order to maintain the require 
atmosphere. Full details are given in the original paper, to which e 
reader is referred. . . 

Using this technique and employing n-butyl alcohol-acetic aci - 
mixture as solvent we investigated the behaviour of .i,. 

Whatman No. 1 paper. The alkaloids gave little or no colour wi d ^ 
ninhydrin reagent but their positions on the paper were readily de e 
by their fluorescence in ultra-violet light. It became immediately 
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to 4= .aKr-'msoluble alMo.ds o! *?, 

groups, passed down the paper with the so s -ii-'oioids occurred and, 
Sou of the water-insoluble from the 

what is more importanL ergometrine and ergome . , identi- 

paper at digerenl rates and consequenUy could . 

fied^ The solvent employed was prepared by shak ng togc^cr n bu tj 

alcohol (4 vols.), glacial acetic acid (1 vo .) S 

standina the upper layer of n-butyl alcohol was 

used asAe moving phase on the chromatogram vyhile 'hclovv a aqueous 
acetic acid layer was placed in a dish at the bottom of the dram-ptpe. 
Stoco £ma,oLbs resulted »he„ the ulWoids 
as tartrate, lactates or maleates, but when present as sulphate htUe 

movement on the paper took place. A ^ paocr 

pladna 0 05 ml. of solution containing 5 to 10 im. of alkaloid on P^P^ • 
. 4 fter“allowin 2 the solvent to run down the paper for 12 to 18 hours the 
chromatoeram was air dried and examined using a suitable source of 
filtered uftra-violet light With samples of pure ergoinetrinc and ergo- 
metrinine, in solution as maleates. the _ following Rp values were 
obtained; — Ergometrine, 0‘59; ergometnnine, 0-68. 



Left • Ergometnne. /iig/it : Ergometnnine. 

Centre: Mixture of Ergometrine and Ergomelrinine. 

Rg. 1. Section of chromatogram of ergot alkaloids in ukra-tiolet light, showing 
the relative positions of ergometrine and ergometnnine. 

Figure 1 shows a typical chromatogram, photographed while exposed 
to ultra-violet light, and illustrates the application of the method for 
purposes of identification. 

An obvious extension of this work is the development of a method for 
1 estimating ergometnne, the most important ergot alkaloid. In this we 
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have only been partially successful. The fluorescent spots corresponding 
to the respective alkaloids may be marked on the chromatogram with 
pencil and subsequently measured in area or cut out and extracted to 
remove the alkaloids. These methods did not yield satisfactory results, 
however, for the quantitative removal of the alkaloids from the paper 
proved surprisingly difficult and the area of the spots could not be used 
for quantitative work. Our most successful results were obtained by 
preparing a series of standard spots of ergometrine on a paper chroma- 
togram at the same time as the sample under test was examined, and 
matching the fluorescence of the respective spots under ultra-violet 
light. As with most fluorescent methods difficulties caused by quenching 
of the fluorescence at high concentrations were encountered and it was 
necessary to use solutions containing less than 0-001 per cent, of ergo- 
metrine before the fluorescence approached a linear relationship to con- 
centration. Matching was performed visually and the precision was not 
high, the experimental error being of the order of ±20 per cent. As an 
alternative procedure chromatograms were prepared using serial dilutions 
of the standard and test solutions until dilutions were reached at which 
the fluorescence of the alkaloidal spots disappeared. This technique failed 
owing to the difficulty of determining the end-point, for even at extreme 
dilutions the fluorescence persisted. 

The Ergometrine Content of Ergot 

The first attempt to determine chemically the water-soluble alkaloids 
in ergot was made by Hampshire and PagC and their method has formed 
the basis of the B.P. 1948 assay process, in which the water-soluble 
alkaloidal content is expressed in terms of ergometrine and estimated 
from the difference between estimations of the total and water-insoluble 
alkaloids. Numerous other researches on the same topic have been 
published but the only processes of note are those developed by Grove^ 
and by Powell et al.^ by which the ergometrine is extracted and deter- 
mined directly by colorimetric assay. These latter processes have been 
further developed in a collaborative study described by Smith'' and have 
also been included in a report on the assay of ergot issued by the 
American National Formulary Committee®. 

We have estimated the ergometrine content of ergot, using our chroma- 
tographic technique and, for this purpose, the following process was 
used. 5 g. of ergot, ground to No. 60 powder, was defatted by extraction 
with light petroleum and air dried at room temperature. The resulting 
powder was thoroughly mixed with 0-3 g. of sodium bicarbonate an 
water was added, drop by drop, with stirring until there was obtained a 
well damped mass, which was then placed in a percolator (made from a 
piece of glass tubing 1 inch in diameter) and extracted with peroxide-tree 
ether containing 5 per cent, of alcohol. Extraction of the alkaloids was 
slow and was best performed by drawing off 10 ml. of percolate at hour y 
intervals until about 70 ml. had been collected, after which the marc ana 
solvent were allowed to remain in contact overnight before further perc 
late was withdrawn. Collection of the percolate was then con inue , - 
described above, until another 100 ml. had been withdrawn, ' 
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process was stopped and the marc allowed to remain m contact with the 
solvent overnight The extraction was completed in the morning by draw- 
ine off portions of percolate at half-hourly intervals until the total volume 
of extract amounted to 200 to 250 ml. The percolate was collected, in 
an amber glass bottle and the whole process carried out m a dark room. 
After transferring the ethereal extract to a separating funnel the alkaloids 
were removed by shaking with 6 quantities, each of 10 ml., of 5^ per cent, 
lactic acid; the acid extracts being collected in a graduated cylinder and 
the volume adjusted to 100 ml. with distilled water. Portions of this 
extract were then suitably diluted with 1 per cent, lactic acid until 0’05 ml. 
placed on a No. 1 Whatman paper strip and developed with n-butyl 
alcohol-acetic acid-water mixture, as described in the fitst section, 
gave a fluorescent spot approximately equal in intensity to that obtained 
with an ergometrine standard containing 0'2 to O'S ng. of crgomctrinc 
in 0-05 ml. By running a series of standards on the same paper the 
ergometrine content of the ergot was estimated. 

Table I summarises the results obtained on samples of ergot, which 
were also assayed by the process of the B.P. 1948 and by that of the 
American National Formulary Committee". 

It will be seen that the N.F. and chromatographic methods, in most 
cases, gave results for the ergometrine contents which were in reasonable 
agreement, but that the B.P. process afforded figures for the water-soluble 
alkaloids far in excess of the ergometrine present. Accordingly some 
of the final tartaric acid extract containing the total alkaloids, obtained 
by the B.P. process, was submitted to chromatographic analysis. Besides 
alkaloids of the ergotoxine group ergometrine and ergometrinine were 
detected. In addition a slower moving band was present above the 
ergometrine and this we were able to identify as being due to lysergic and 
iro-lysergic acids. It thus became clear that the use of boiling ether for 
extraction resulted in partial hydrolysis of the alkaloids with the produc- 
tion of lysergic acid, which was removed together with the water-soluble 
alkaloids and was estimated as ergometrine. The B.P. process therefore, 
did not yield reliable figures for the ergometrine content of the drug. 


TABLE I 




B.P. 1948 Pro«5s 

National Formulary 
Committee Process 



Sample of 

Ergot 

Total 
alkaloids 
expressed as 
ergotoxine 

Water-soluble ' 
alkaloids 
expressed as 
ergometrine 

Total 
alkaloids 
expressed as 
ergotoxine 

Water-soluble 
alkaloids 
expressed as 
ergometrine 

Ergometrine 

determined 

chromato- 

graphically 



per cent. 

per cent. 

per cetiX. 

per cent. 

per cent. 

\ 

2 

3 

4 

5 

■ ■ ; ” : ; ; 

0*22 

010 

0*19 

016 

0*20 

0 043 

, 0-0125 

' 0-038 

0-040 

1 0-045 

0-2IS 

0-12 

0-195 

0-195 

1 0-21 

0-023 

0-0086 

0-025 

1 0-020 

1 0-022 

i 

0-019 

0 006 
0-026 
0016 
0-024 


ia .hesa p„paUs Suy 
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diluting with 1 per cent, lactic acid and preparing a chromatogram. 
Rough assays could be carried out as the colouring matter of the extracts 
remained almost stationary at the. top of the chromatograms. Old 
extracts contained both ergometrinine and lysergic acid. 

Ergometrine Preparations 

At the British Pharmaceutical Conference 1948 Foster and Stewart® 
gave an account of the stability of ergometrine preparations. During 
the discussion on the paper Eastland^® questioned the conclusion of the 
authors that the drop in biological potency of ergometrine maleate injec- 
tion on storage was due to conversion of ergometrine into ergometrinine, 
and stated that this was at least partially due to hydrolysis of ergometrine 
to lysergic acid. Eastland supported his views by experimental data 
showing that while colorimetric assays of ergometrine injection, filled into 
ampoules under nitrogen and incubated for some months at 45 °C., 
showed little loss of alkaloid by direct assay, a lower figure for the 
alkaloidal content was obtained if the injection were rendered alkaline 
and the alkaloid extracted before being estimated. It was suggested that 
the difference was due to lysergic acid. 

During the past year we have carried out direct and indirect assays on 
ampoules of injection of ergometrine maleate B.P. 1948 which had been 
stored at room temperature for periods up to 10 years. For indirect 
assays the alkaloid was extracted with ether after making alkaline and 
saturating the solution with sodium chloride as described by the N.F. 
Committee®. Preliminary extraction experiments using solutions of pure 
ergometrine and ergometrinine maleates, of the same strength as used 
for the injection, showed that 90 to 95 per cent, recovery of ergometrine 
and 95 to 100 per cent, recovery of ergometrinine resulted. When 
applied to ergometrine maleate injection the process gave a recovery 
of 90 to 95 per cent, of the total alkaloidal content when freshly prepared 
ampoules were employed, but with 5-year-old ampoules the recovery 
was only 75 to 80 per cent. Allowing for a 10 per cent, loss during 
the extraction it would appear that some 15 per cent, of alkaloid in the 
older ampoules remains to be accounted for. The results of Eastland 
were therefore confirmed. 

In order to study the composition of the injection more closely 


TABLE n 


Sample of ergometrine maleate 
injeetJOD B.P. 194^8 

Time of storage at room 
temperature 

Components identified on 
chromatogram 

FresWy made and unstcrilised ... 

j 

Ergometrine 

Freshly made and sterilised at JO 
lb. pressure of steam for 30 
minutes 

1 

1 

f 

Ergometrine 

Ergometrinine 

Traces of lysergic and 
lysergic acids 

Sterilised and stored at room 
temperature 

i 

5 years 

1 

Ergometrine 

Ergometrinine . 

Lysergic and iso'lys^Tgtc saas 
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samples were examined by paper partition chromatography using n*butyl 
alcohol-acetic acid-water mixture as solvent. The results arc sum- 
marised in Table II. ... ... 

The general results indicated that on sterilisation of the injection some 
con\ersion, estimated to be approximately 20 per cent., of crgomctrinc 
to ergometrininc occurs. Very little further conversion appears to take 
place on storaae at room temperature which, however, results in slow 
hydrolysis of the alkaloids with the formation of lysergic and iso-lysergic 
acids. The presence of the lysergic acids is better shown by using a 
basic solvent prepared by shaking a mixture of ^i-butyl alcohol (4 vols.), 
water (5 vols.) and pyridine A.R. (1 vol.), allowing to separate and using 
the «-butyl alcohol layer as the moving phase on the chromatogram, while 
the aqueous layer is used for saturating the atmosphere of the chamber. 
Under these conditions and using No. 1 Whatman paper the Rj. values 
were as follows: — ^Lysergic acid, 0-2; iso-lysergic acid, 0-4. 

The presence of lysergic acid was further confirmed by extracting the 
alkaloid from some old injection, the final alkaloidal extract being made 
with 1 per cent, lactic acid. On preparing a chromatogram with this 
extract ergometrine and ergometrinine were identified but the lysergic 
acids, present in the chromatogram of the original injection, had dis- 
appeared. 

It was of interest to examine chromatographically tablets of ergo- 
metrine maleate which had been stored at room temperature and, for this 
purpose, the tablets were extracted with, or dissolved in, 1 per cent, lactic 
acid. Very little, if any, formation of ergometrinine or lysergic acid was 
detected in tablets which had been stored for periods up to 5 years. 


Identification of Water-Insoluble Alkaloids 
The water-msoluble alkaloids of ergot are distinguished from ergo- 
metrine by the presence in their molecular structures of certain amino- 
acids. Jacobs and Craig” found among the products of alkaline 
hydrolysis of ergotinine the lactam of a dipeptide, derived from 
L-phenylalanine and D-proline, while Smith and Timmis’’^ showed that 
ergosme gave a similar lactam of the dipeptide of L-leucine and 
D-proline. Stoll, Hofmann and Becker^^ showed that ergocomine, ergo- 
enstine and ergokryptme, isolated from the ergotoxine group of alkaloids 
also contained amino-acids of the L-series in addition to D-proline’ 


TABLE m 

lysergic OR UO-LYSERGIC 


Additional ammo acid 

Brgotatmne group 
(pyruvic acid group) 

Ergotoxine group 
(Dimelhyl-pyruyic acid group) 

t^phenylalamne 

Weueme 

1 Ergotanune Ergotammine 
Q»iH„0,Ns 

Hrgosme Ergosimne 
CmHjjOsN^ 

Ergoenstme Ergoenstmme 

CssHj.OjNi 

Ergokryptme Ergokryptuune 

CaxHijOjNs 

Ergocomine Ergocoramiae 
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diluting with 1 per cent, lactic acid and preparing a chromatogram. 
Rough assays could be carried out as the colouring matter of the extracts 
remained almost stationary at the. top of the chromatograms. Old 
extracts contained both ergometrinine and lysergic acid. 

Ergometrine Preparations 

At the British Pharmaceutical Conference 1948 Foster and Stewart^ 
gave an account of the stability of ergometrine preparations. During 
the discussion on the paper Eastland^” questioned the conclusion of the 
authors that the drop in biological potency of ergometrine maleate injec- 
tion on storage was due to conversion of ergometrine into ergometrinine, 
and stated that this was at least partially due to hydrolysis of ergometrine 
to lysergic acid. Eastland supported bis views by experimental data 
showing that while colorimetric assays of ergometrine injection, filled into 
ampoules under nitrogen and incubated for some months at 45 °C., 
showed little loss of alkaloid by direct assay, a lower figure for the 
alkaloidal content was obtained if the injection were rendered alkaline 
and the alkaloid extracted before being estimated. It was suggested that 
the difference was due to lysergic acid. 

During the past year we have carried out direct and indirect assays on 
ampoules of injection of ergometrine maleate B.P. 1948 which bad been 
stored at room temperature for periods up to 10 years. For indirect 
assays the alkaloid was extracted with ether after making alkaline and 
saturating the solution with sodium chloride as described by the N.F. 
Committee®. Preliminary extraction experiments using solutions of pure 
ergometrine and ergometrinine maleates, of the same strength as used 
for the injection, showed that 90 to 95 per cent, recovery of ergometrine 
and 95 to 100 per cent, recoveiy of ergometrinine resulted. When 
apph’ed to ergometrine maleate injection the process gave a recoveiy 
of 90 to 95 per cent, of the total alkaloidal content when freshly prepared 
ampoules were employed, but with 5-year-oId ampoules the recovery 
was only 75 to 80 per cent. Allowing for a 10 per cent, loss during 
the extraction it would appear that some 15 per cent, of alkaloid in the 
older ampoules remains to be accounted for. The results of Eastland 
were therefore confirmed. 

In order to study the composition of the injection more closely 


TABLE II 

Sample of ergometrine maleate 
iniectioQ B.P. 1948 

Time of storage at room 
temperature 

Components identified on 
chromatogram 

Freshly made and unsterilised ... 


Ergometrine 

Freshly made and sterilised at 10 
Ib. pressure of steam for 30 
minutes 

i 

— 1 
1 
! 
i 

Ergometrine 

Ergometrinine 

Traces of lysergic and uo* 
lysergic acids 

Sterilised and stored at room 
temperature 

i 

5 years J 

1 

1 

Ergometrine 
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lysis of ergine, the amide of lysergic acid, gave a continuous streak show- 
ing a variety of colours, but no major spots reacting with nmhydrm. A 
similar streak often appeared on chromatograms prepared with hydro- 
lysates of water-insoluble alkaloids but was fainter and caused no 

difficulty in the identification of the amino-acids. , • j 

Using the above technique the results shown in Table IV were obtained 
with samples of “ pure ” alkaloids. 

From these preliminary experiments it is obvious that not only is paper 
chromatography a valuable tool for identifying but also for assessing the 
purity of ergot alkaloids. For example, it is clear that in the cases 
of the ergocristine and ergocornine examined each alkaloid was con- 
taminated with traces of the other. Wfiicn assessing the degree 'of 
contamination it is necessary to remember that phenylalanine, under the 
conditions employed, gives less colour than leucine or valine and one of 
the quantitative applications of paper chromatography should be applied. 

Other minor ninhydrin spots have been noted in the chromatograms, 
but at present no assignment of these to any known constituent of the 
hydrolysate can be made. Alkaline hydrolysates have not shown the 
presence of amino-acids but, in general, give two elongated spots reacting 
with ninhydrin. The substances in these spots have yet to be identified. 


Discussion 

It was stated early in this paper that available methods of ergot assay 
lacked specificity and it is felt that the application of paper partition 
chromatography, now described, has done something to remedy this 
deficiency. 

The need for a specific identification test for ergometrine has long been 
felt by workers in this field and it is a matter of great importance to 
the chemical manufacturer who wishes to purchase ergot for the manu- 
facture of ergometrine. By paper chromatography it is a simple matter, 
even with a small sample of drug, to state whether ergometrine is present 
and approximately in what quantity. The application to liquid extracts 
of ergot has also been described. 

Of all ergot preparations perhaps injection of ergometrine maleate is 
the most important. As a result of the present work a much clearer 
picture of the changes which occur during the manufacture and storage 
of the injection has been obtained and, in view of the very small quantity 
of mjection required for a test, the chromatographic technique has opened 
the field for much fuller investigation. It has been seen that conversion 
of ergometrine to ergometrinine occurs on heat sterilisation of the injec- 
tion and it may be that sterilisation at room temperature by candle filtra 
tion might afford a better preparation. The pH of the mjection may 
inffuence the alkaloidal equilibrium and we have experiments in proeress 
to explore this aspect of the problem. Hydrolysis of the alkaloid in the 
injection has been confirmed and this factor must be added fn S! 
previously accepted causes of deterioration® Tt ic 
.h.uha hydrolysis ot ergomelrtae in 

“-'/'eot alkaloids to fc po“pep,Mes has 

» ■"ado ot chromatograms, pr,parJ[Z fc 
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The relationships of the known water-insoluble alkaloids are summarised 
in Table III embodying data by Stoll et 

The exact mode of linkage of the amino-acids in these alkaloids is not 
known but Stoll and Hofmann^^ have reported that thermal degradation 
of ergotamine yielded pyruvyl-phenylalanyl-proline, and StoU^^ 
further reported finding dimethylpyruvyl-valyl-proline, together with 
lysergic acid amide, in the products from the alkaline hydrolysis of 
ergocomine. 

It is thus clear that the identification of the amino-acids obtained on 
acid hydrolysis would be of great assistance in the identification of pure 
alkaloids and, in the absence of major quantities of extraneous amino- 
acids, might be of help in the examination of cruder preparations. The 
occurrence of valine in ergocomine and ergocominine is a specific test 
for this inter-convertible pair of alkaloids. The presence of phenyl- 
alanine would indicate ergotamine or ergocristine and their isomers, 
further tests such as the identification of the keto-acid and the determina- 
tion of physical properties being necessary for complete identification of 
the alkaloids. The finding of leucine would be equally significant for the 
detection of ergosine and ergokryptine and their isomers. 

We have identified the amino-acids in the acid hydrolysates of the 
alkaloids by the method of paper partition chromatography in the 
following manner. 10 mg. of the alkaloidal preparation together with 1 to 
2 ml. of concentrated hydrochloric acid was heated in a sealed tube at 
100°C. for 16 hours. After cooling, the contents of the tube were trans- 
ferred to an open dish and evaporated to dryness on a steam bath. The 
dark residue was extracted with 0-2 ml. of distilled water and, without 
separating the insoluble matter 0 01 ml. of the suspension was placed on 
the paper. The chromatogram was prepared on Whatman No. 4 paper 
using 7j-butyl alcohol-acetic acid-water mixture. Although the positions 
of the amino-acids on the well-dried paper were revealed by their bluish- 
white fluorescence in filtered ultra-violet light, a more specific test in the 
presence of fluorescent alkaloids was afforded by the ninhydrin reaction, 
carried out by sprajung the paper with 0-1 per cent, ninhydrin in equal 
parts of n-butyl alcohol and chloroform, drying and then developing by 
heating in an oven at 100° C. The amino-acids were identified by their 
Rp values and their ninhydrin colour reactions, leucine and valine yielding 
reddish purple spots while those due to phenylalanine and proline were 
grey-blue and yellow respectively. Under the above conditions hydro- 

TABLE IV 

I Amino-acids, identified chromaicgraphically 

I ^ 

ProtiRc, phenylalanine 

ProUne, phenylalanine 

j Prolme, phenylalanine and faint trace of ^ aline 
I Prohne, phenylalanine and faint trace of \3l1ne 
Prolmc, \alinc and trace of phenylalanine 


Alkaloid 

Ergotamine 
Ergotaminine. . 

Ergocristine . 

Efgocrisfinine (ergoiinine) .. 
Ergocomine (ergotoxine) . 
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DISCUSSION 


The paper was read by Dr. G. E. Foster. 

The Chairman said that he would particularly like to congratulate the 
authors on the ingenious method of hydrolysing the alkaloids and 
separating the elements chromatographically. At last year s Conference 
he had sugsested that the colour test was not really an indication of the 
amount of deterioration. The work reported in this paper confirmed 
that and gave valuable new methods of determining the amount of 
deterioration. He hoped some agreement would be reached on the names 
for ersot alkaloids. 

Dil F. Hartley (London) said that preliminary' experiments carried 
out by his colleagues with a similar object to that of Dr. Foster had shown 
interesting results but they had not been able to pursue them to the extent 
that Dr. Foster had done. In examining different solvents for the separa- 
tion of ergot alkaloids on a chromatogram, they had found that 
jrobutyric acid gave RpO-90. /i-Butanol-acetic acid gave an Rp value of 
0-55 which agreed well with the figure 0-59 given by Dr. Foster. 

In addition'to the amino acids obtained by the hydrolysis of ergometrine. 
2-amino-propanol was produced. This was readily distinguishable 
from the amino acids by the ninhydrin reaction and in their hands, using 
n-butanol-acetic acid it had an Rp value of 0-33. This observation might 
assist in studying the deterioration of ergometrine injection and perhaps 
Dr. Foster could determine the 2-amino-propanol in his five years old 


sample. 

Professor Brindle (Manchester) said that they had been trying 
chromatography for the estimation of ergot alkaloids and had found 
cfifficulty in extracting the alkaloids from the chromatogram. They had 
tried to extract the ergotoxine and ergometrine (quantitatively) by pro- 
longed extraction in a continuous extractor with ether, but on examina- 
tion of the chromatograms in u]tra-\iolet light, a fluorescence persisted. 
They had had the same difficulty in extracting the alkaloids from silica 


gel. They had achieved more success using kieselguhr and a citrate- 
phosphate buffer at pH5. The ergotoxine had been recovered quanti- 
tatively, but the ergometrine w'as not so easy. In a deteriorated solution 
of ergotoxine they had found a difference between the colorimetric assay, 
done directly on the solution, and that performed on the extracted 
alkaloids. They were satisfied it was due to lysergic acid, w'hich did not 
afiect the colour test if the alkaloids were extracted first He had noticed 
that deterioration varied according to pH. With a solution at pH3 
there was good agreement between the colorimetric and biolomcal assays 
with the biological result a Uttle below the colorimetric. If deterioration 
occurred at pH5 or over there was a big difference between the two assavs 
with the biological result about half that of the colorimetric assay! 
Had Dr. Foster any observations to make on the considerable different 
m the ty'pe of detenoration according to pH? erence 

“i" 

... 
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hydrolysates of the alkaloids. In spite of the amount of work so far done 
on the ergotoxine group of alkaloids it seems doubtful whether complete 
separation of the individual alkaloids has yet been achieved and, in this 
connection, it is certain that the chromatograms of the amino-acids will 
be of great value in testing highly purified specimens for traces of other 
alkaloids. A long-standing controversy as to whether ergotamine and 
ergotoxine ever occur together in the same ergoF® has not been resolved 
and chromatography may well have something to contribute in this field. 
Preliminary results with chromatograms, prepared from hydrolysates of 
single sclerotium of Claviceps purpurea have indicated that the amino- 
acids found are a good indication of the alkaloids present in the drug, 
about which there is still much to be learnt. 


Summary 

1. A study has been made of the application of paper partition 
chromatography in the ergot field. 

2. A technique for the separation and identification of ergometrine 
and ergometrinine, when present in mixtures of total ergot alkaloids, has 
been described. 

3. The method has been extended so that approximately quantitative 
results may be obtained and, in this way, the ergometrine contents of 
samples of ergot have been estimated. 

4. The changes which take place in injection of ergometrine maleate 
B.P. 1948, during manufacture and storage have been studied chromato- 
graphically. It was found that during heat sterilisation some conver- 
sion of ergometrine to ergometrinine occurs. On storage some hydro- 
lysis giving rise to lysergic and wo-lysergic acids takes place. 

5. By preparing chromatograms from the hydrolysates of water- 
insoluble ergot alkaloids, identification tests for individual alkaloids have 
been developed. 

We wish to thank Mr. H. M, Hood, B.Sc., for the photograph of a 
chromatogram, Mr, R. L. Grant, M.Sc., for a sample of ergometrinine 
and Dr. S. Smith for specimens of lysergic and fro-lysergric acids. We a.re 
also indebted to the Directors of The Wellcome Foundation for permis- 
sion to publish this paper. 
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In addition to its use as an industrial insecticide benzene hcxachloride 
(Gammexane) has proved of value as an external parasiticide in human 
and veterinary medicine. For this purpose, the biologically active 
y-isomer (Lorexane) has been isolated and formulated to yield a variety 
of pharmaceutical products. The object of the work described here was 
to provide a simple method for the determination of benzene hexa- 
chloride in the presence of the excipients likely to be found in such 
formulations. Earlier analytical studies of benzene hcxachloride have 
been concerned chiefly with mixed isomers and have described the de- 
termination of either (a) v-isomer in presence of others, or (b) total 
benzene hexachlorides. Of these, (a) usually involve biological or physico- 
chemical methods, while (b) nearly all depend on the alkaline dehydro- 
chlorination to trichlorobenzene originally reported by Van der Linden’. 

CeHoCle -f30H' = CeHsCL 3C1' + 3 H 2 O 
Several workers have shown that this reaction is quantitative for all 
isomers when benzene hcxachloride is refluxed with alcoholic potassium 
hydroxide, and that the determination may be completed by either acid or 
silver nitrate titration of the resultant solution. Goldenson and Sass" 
have studied the effect of replacing potassium hydroxide by other alkalis, 
and Howard^ has drawn attention to the possible use of monoethano- 
lamine, which has the advantages of being easily freed from chloride 
impurity and of not reacting with vegetable oils. 

Since the quality of the active agent is capable of independent 
analytical control, it was considered sufficient that the method should 
determine total benzene hcxachloride, i.e., there was no need for it to 
be specific for y-isomer. The main criterion was that it should be 
effective in the presence of relatively large amounts of excipients and 
diluents, since the biological potency of the v-isomer is such that it is 
rarely used at concentrations above 1 per cent. In view of the simplicity 
of the reaction, it was decided to investigate more fully alkaline dehydro- 
chlorination as a basis for a general method. 


Methods of Dehydrochlorination; 

(1) By Alcoholic Poiasshim Hydroxide: The limits of time temnera- 
ture and concentration to ensure a quantitative reaction were investi- 
gated as foUows. A known weight of pure v-isomer (about 04 <. ) 

s-a,e, re* 
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fluorescence was about ± 20 per cent. That was not a very high 
accuracy. Was it also necessary to make allowance for the size of the 
spot? If the standard spot was smaller than the test spot, presumably 
it would have some effect on the intensity. Was there any possibility 
of alteration of the ergometrine due to the somewhat prolonged exposure 
to air? This method for the testing of ergot would be useful, but the 
limiting factor was the time involved since it appeared to require at least 
five working days. 

Dr. R. E. Stuckey (London) said that in his laboratory they had had 
some experience in removing amino-acids from chromatograms for their 
quantitative estimation. Was Dr. Foster sure that the residual fluoresc- 
ence was due to traces of ergometrine remaining in the paper and not to 
peptisation of the paper fibres which was liable to occur? He would 
like to suggest that the chromatogram be run not as a spot but as a band 
with ten or more spots. This would increase the amount of ergometrine 
making a chemical or spectrophotometric estimation possible and the 
amount of ergometrine left in the paper might then be low in comparison 
with that extracted. Was any information available on that point? 

Dr. G. E. Foster (Dartford) said be was very interested to learn about 
Dr. Hartley’s experience with other solvents. In view of Dr. Stuckey’s 
suggestion they might have to look into the problem of extraction more 
closely, but so far they had found it impossible to remove the fluorescence 
completely. As to the difference of pH, they had prepared an ergometrine 
maleate injection, and adjusted the pH to various values from 3 to 6 by 
the addition of maleic acid. The chromatograms were obtained after 
sterilisation, all the spots being put on one paper. As the pH decreased, 
the amount of ergometrine gradually increased until at pH3 or 3 -5 there 
had been very little ergometrinine there at all, and the amount of lysergic 
acid seemed to decrease at the same time. 

A recent sample of ergometrine maleate injection from the U.S. had 
been found to contain very little ergometrinine, but the acidity had been 
much higher than that of the B.P. injection. 

The colour of the fluorescence was the same for ergometrine and ergo- 
metrinine. The 20 per cent, error of visual comparison of the fluorescence 
was within the limits usual in this kind of work. The size of the spots did 
not seem to be important. Four of the five days required for the method 
were taken up with percolation. The ratio of total alkaloids to ergo- 
metrine was more or less constant in Spanish or Portuguese ergot, and by 
doing a rough chromatograph extraction it was possible to obtain a quick 
qualitative result overnight. 

Conversion of the alkaloids on the paper did not appear to occur. They 
had no information on peptisation of the paper fibres. Neither had they 
done any tests using a band technique. 

Professor H. Brindle (Manchester), in answer to Dr. R. E. Stuckey 
said they had tried increasing the amount of the alkaloids used in paper 
chromatography. They could not get a quantitative recovery from the 
band. As they increased the band, the amount of paper was increaseo, 
and it was adsorption on the paper which caused the difficulty. 
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In addition to its use as an industrial insecticide benzene hexachloride 
(Gammexane) has proved of \aluc as an external parasiticide in human 
and veterinary niedicine. For this purpose, the biologically active 
t-isomer (Lorexane) has been isolated and formulated to yield a variety 
of pharmaceutical products. The object of the work described here was 
to provide a simple method for the determination of benzene hexa- 
chloride in the presence of the excipients likely to be found in such 
formulations. Earlier analytical studies of benzene hexachloride have 
been concerned chiefly with mixed isomers and have described the de- 
termination of cither (a) v-isomer in presence of others, or (b) total 
benzene hexachlorides. Of these, (a) usually involve biological or physico- 
chemical methods, while (b) nearly all depend on the alkaline dehydro- 
chlorination to trichlorobenzene originally reported by Van der Linden’. 
QHeCL +30H' = CeHsCU + 3C1' + 3H.0 


Several workers have shown that this reaction is quantitative for all 
isomers when benzene hexachloride is refluxed with alcoholic potassium 
hydroxide, and that the determination may be completed by either acid or 
silver nitrate titration of the resultant solution. Goldenson and Sass- 
have studied the effect of replacing potassium hydroxide by other alkalis, 
and Howard^ has drawn attention to the possible use of monoethano- 
lamine, which has the advantages of being easily freed from chloride 
impurity and of not reacting with vegetable oils. 


Since the quality of the active agent is capable of independent 
analytical control, it was considered sufficient that the method should 
determine total benzene hexachloride, i,e., there was no need for it to 
be specific for v-isomer. The main criterion was that it should be 
effective in the presence of relatively large amounts of excipients and 
diluents, since the biological potency of the v-isomer is such that it is 
rarely used at concentrations above 1 per cent. In view of the simplicity 
of the reaction, it was decided to investigate more fully alkaline dehydro- 
chlorination as a basis for a general method. 


Methods of Dehydrochlorination ; 

(1) By Alcoholic Potassium Hydroxide: The limits of time temoera- 
ture and concentration to ensure a quantitative reaction were investi- 
gated as follows. A known weight of pure v-isomer (about 0-4 o ) was 
reacted with an excess of alcoholic potassium hydroxide at control 
tune and temperature and the ionisable chlorine produced was t traS 
with silver nitrate. The results obtained are recorded in TaWe I and 
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show that : (a) Us% 1 per cent, potassium hydroxide the reaction is 
quantitative in 15 minutes at room temperature, provided that sufficient 
alcohol is present to dissolve the benzene hexachldride. (b) No further 
reaction involving the trichlorobenzenes takes place after at least 1 hour’s 
refluxing with 4 per cent, potassium hydroxide in alcohol (95 per cent.). 


TABLE I 



Reaction time 

Alcohol 

strength 

Potassium 

hydroxide 

solution 

■ Recovery 
(percentage 
of theory) 


minutes 

■ per cent, v/v 

per cent, w/v 


Room temperature 

1 

2 


1 j 

66 

89 

20** C. approx. 

! 5 

1- 95 \ 

1 4 j 

100-0 


! 15 

1 

1 

100-2 


15 

/ (| 

I 

99-4 


15 

Nil (aqueous) 

i j 

16 


15 

20 

1 

51 

Refluxing 

15 

70 

1 

100-1 


15 

95 

} 

lOO'l 


60 

95 1 

f 

4 

100-0 


(2) By Monoethanolamine: Howard^ has already shown that monoe- 
thanolamine produces quantitative dehydrochlorination when heated 
either with solid benzene hexachloride or its oily solutions. To compare 
this method with (1) the action of an excess of monoethanolamine when 
used both alone and in alcoholic solution was investigated under similar 
conditions of time, temperature, and concentration. The results are re- 
corded in Table II and show that: — 

(a) For the alcoholic solution: (i) Even a large excess of monoethanol- 
amine produced practically no reaction after 1 hour at room temperature, 
(ii) To obtain a quantitative reaction it was necessary to boil for 2 hours 
with 8 per cent, of monoethanolamine in alcohol (95 per cent.). ^ 

(b) For monoethanolamine alone: (i) The reaction was not complete 
in 18 hours at room temperature, (ii) The reaction was quantitative after 
5 minutes heating on the water-bath, with frequent shaking. 

The action of monoethanolamine in alcoholic solution is thus much 


TABLE II 



Reaction time 

^fonoeIhanoIatm^e j 
alone (ml.) 

Monoethanolamine 
(ml. in 25 ml. of 
alcohol) 

Recovery* 
(percentage 
of theory) 

Room temperature ^ 

1 

I hour 

18 hours 

1 

I 

1 

! Trace 

' 16 

t 

18 hotirs 

2 1 

( 91 

' 24 

75 

94 

97-5 

100-0 

j 

Refluxinc ? 

j 

1 

15 minutes j 

60 

120 

60 

120 

E 1 i 
= 1 1 

5 minutes 

15 „ 

i 1 “ 1 

100-0 

99-7 
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slower than that of potassium hydroxide. This confirms the findings of 
Howard, who recommended heating with undiluted monoethanolamine 
for 1 hour at 100° C. as a general procedure for dehydrochlorination. 


Application to Pharmactutical Preparations: 

The relative merits of the potash and monocthanolomine methods were 
assessed for the following types of pharmaceutical preparations, selected • 
as being the most commonly encountered, (a) Solutions in mineral oil 
(including ointments with paraffin base); (b) solutions in vegetable oil 
(including sulphonated oils); (c) alcoholic preparations; (d) dusting 
powders; (e) emulsions and creams. In testing the suitability of each 
method the following processes, described here as General Methods, were 
first applied and subsequently modified, where necessary, to suit special 
requirements. 

General Method A {Potassium Hydroxide): To an appropriate weight 
of sample is added 25 ml. of alcohol, with sufficient potassium hydroxide 
to react with the benzene hexachloride and with any saponifiable matter 
present. The mixture is refl.uxed for 1 hour, cooled, and acidified with 
dilute nitric acid. Fatty acids, trichlorobenzene, and unsaponifiable 
matter are extracted with ether and the ionisable chlorine in the aqueous 
layer determined by any convenient method. A control titration is made 
to compensate for the presence of ionisable chlorine in sample and 
reagents. For this purpose, dilute nitric acid is first added in sufficient 
quantity to ensure that the solution remains acid during and after the 
addition of potassium hydroxide. It has already been established that 
benzene hexachloride itself is unaffected by nitric acid’. 

General Method B (Monoethanolamine): To an appropriate weight of 
sample is added an excess of monoethanolamine (1 ml. per g. of benzene 
hexachloride) with OT ml. extra per 1 ml. of oil, and the mixture heated 
for 1 hour on the water-bath, with frequent shaking. After cooling, the 
mixture is acidified with dilute nitric acid, diluted with water, and 
extracted with ether. The ionisable chlorine in the aqueous layer is then 
determined as before. A blank titration is also carried out as described 
in Method A. Experimental results are summarised in Table III. 


Discussion 

The potassium hydroxide method is, in general, the more attractive 
smee the reagent is readily available and the reaction proceeds rapidly 
in alcohol even at room temperature. It is particularly useful when the 
analysis involves a break-down of emulsions where monoethanolamine 
IS markedly inefficient. The presence of a trace of chloride impurity in 
potassium hydroxide of A.R. quality is not a serious disadvantage 
ffistly because it is small m relation to the total ionisable chlorine 'pro- 
duced in the assay and secondly, because it is compensated by a control 
titration. This method is thus the more f.... ^ v,uriiroi 
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AN EXAMINATION OF PYROGEN FROM VARIOUS SOURCES 
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Whether bacteria in general produce the same pyretic substance or each 
bacterial species a specific pyrogen is not yet known. During our 
investigation of pyrogen we have discovered several variations, such as 
dMerent types of fever curves following injection of modifications of the 
same culture and variations in stability of pyrogen, from different 
bacterial sources, when heated at I20°C., which suggest that different 
pyrogens exist. 

Fever Curves 

A study of published fever curves produced as the result of injection 
of pyrogen into rabbits’'^’®’^'®-® shows that these can be placed in one or 
other of three main classes: — 1. Curves in which the body temperature 
started to rise shortly after the injection, reached a peak and then 
returned to normal again. 2. Curves in which the body temperature 
started to rise shortly after the injection as in (1), fell slightly, but instead 
of returning to normal, rose to a second peak, which was then followed 
by a return to normal. 3. Curves in which there seemed to be a delay 
before the body temperature rose to its peak, this again being followed 
by a return to normal. In some of the fevers of this latter type the 
temperature fell distinctly during the initial period of no reaction, in a 
few cases this fall being so great that the animals collapsed and sometimes 
died^’®. 

None of the workers in this field appear to have observed any signifi* 
cant difference between the single- and double-peak curves which appeared 
in graphical form in their publications. This may have been due to the 
same culture, under what appeared to be exactly the same conditions, 
stimulating both the single- and double-peak types of curves. It has 
been shown here that this failure to observe significant differences in 
the shapes of the curves was probably caused by taking the temperature 
of the rabbits at hourly intervals only. 

In the course of this work, the three types of fevers already discussed 
were frequently obtained. As the work proceeded, it became apparent 
that the differences in the curves were significant and were not caused 
by biological variation or by the method of temperature determination 
used, but by actual differences in the constitution of the solutions. In 
experiments in which a fall in body temperature occurred after injection 
of solutions, the cause was found to be associated not only with the 
delayed fever (type 3). as suggested in the literature, but to be due to a 
depressant substance produced by some organisms. After removal of 
this depressant substance, which can be driven off by gentle heat, the 
solutions stimulated the single- and double-peak types of fevers. 

Typical examples of the three types of fevers are shown in Figure I. 

In the single-peak curve (type I) in which the rise in tem^rature is 
immediate, the peak temperature is reached in 70 to 120 minutes, the 
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average time being 86 minutes; in the double-peak curve (type 2) the 
first peak is identical with curve tj'pe 1, but this falls sligMy, to be 
followed by a second rise, reaching its peak in 3 to 4 hours after the 
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by determining the rectal temperatures at hourly intervals only, the 
technique used by most of the investigators, and it is probably due to this 
that no sigmficant conclusions were drawn from the shapes of the curves, 
as, when using this method, slight changes in the time to reach the peak 
could change what appeared to be a single-peak curve in one test to a 



TIME IN MINUTES 

Fio. 2. — ^Showing effect of method of temperature determination on the shape of 

the fever curve. 

Thermocouple method. 

Thermometer method. 

double-peak curve in a repeat of that test. Four explanations can be 
advanced for the differences in the shapes of the curves. 
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1 That pyroaen in a whole culture containing the organism and its 
metabolic products (such a whole culture has been found to stiinulate 
the double-peak reaction) is both dissolved in the medium and contained 
within the bacterial cell. Here the first rapid rise m temperature may 
be produced by the pyrogen dissolved in the medium, and the second 
fever by the slow liberation of pyrogen from the bacterial cells as they are 
broken down in the blood-stream. The cell-free filtrate therefore should 
cause the immediate reaction only, and a suspension of the cells the 
delayed reaction. 

2. That each of the three types of fevers is stimulated by a ditfcrcnt 
substance, 

3. That the immediate response fever is caused by one type of pyrogen, 
the delayed response by another type, and the double-peak response by 
a mixture of the two substances. 

4. That the actual dosage of pyrogen is the controlling factor and 
that by varying the dose, the shape of the curve can be altered. 

These explanations have been investigated in the experiments described 
below. 

Experimental 


A culture of Proteus vulgaris was grown for 4 weeks at 37°C. in gelatin 
hydrolysate synthetic medium and the following experiments carried 
out; 

1. Samples of the whole culture were sterilised by autoclaving at II5'C. 
for 30 minutes and tested on two different groups of 5 rabbits at a dose 
level of 0-002 ml./kg. of body-weight. Both tests showed the double- 
peak type of fever, one of which is shown in Figure 3. 

2. Samples of the viable culture were filtered free of bacterial cells 
by passage through Berkefeld filter candles and the filtrate sterilised 
by autoclaving at IIS'C. for 30 minutes. This filtrate was clear to the 
eye and no cells could be detected on microscopical examination. At a 
dose of 0-002 ml./kg. of body-weight, similar to the dose of the whole 
culture, this filtrate stimulated only the single peak fever of the immediate 
response type, as is shown in Figure 3. 

3. Samples of the autoclaved whole culture were centrifuged at 4,000 
r.p.m. for 45 minutes, and the supernatant liquid decanted and retained. 
The cells were then washed 3 times with pyrogen-free saline, separated 
by centrifuging each time, and the washings discarded. The washed cells 
were suspended in pyrogen-free saline and the cell-count adjusted to 
approximately the same as that of the original culture, as determined 
by Brown’s Opacity Tubes. Both the supernatant and the suspension 
of washed cells were tested. The suspension of cells stimulated the 
single-peak fever ^ the delayed type and the supernatant liquid the 
double-peak fever (Figure 3). ^ 


From the results of this experiment it is seen that the same cultur 
can produce all three types of fever depending on the state of the s^mn 
when injected, that the fraction stimulatine the immediatp 
cell-fe StoK ot ,h. .iable cultoe, TbSSs to 

the delajed .esponse {the washed cells) and that the combtorton o) 
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two fractions, i.e., the whole culture, causes the double-peak type of fever. 
This then tends to discount the theory that there are three separate sub- 
stances and, also, the theory that the dosage of pyrogen is the important 
controlling factor; further proof of this latter point is that removal of the 
cells has little effect on the first peak but removes the second peak. 

The fact that the supernatant liquid from the centrifuged sample caused 



p,Q 3 — Showing different fever curves stimulated by modifications of th 
culture of Proteus vulgaris. 

Curve I.— Whole culture. Curve 2.--Cell-free filtrate. 

Curve 3. — ^Washed bacterial cells. 

Curve 4. — Centrifuged supernatant of sterlised culture. 
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the double-peak type of reaction was unexpected, if this supernatant 
liquid were really cell-free, as it appeared to be when examined, the 
hypothesis that the double-peak fe%'er is attributable to the same pyretic 
substance being present in the medium and in the bacterial cells is not 
tenable. Since the other results of the experiment supported the hypo- 
thesis it was possible that the centrifuged supernatant liquid still con- 
tained sufficient cells to cause the second peak. The above experiments 
were therefore repeated with additional refinements, mainly to find how 
many cells, if any, were necessary to stimulate the second peak, or 



whether it was possible to stimulate the double-peak tvne of fever 
mjection of a completely cell-free solution. ^ ™ 

Escherichia coli was grow'n on a eelatin .i- 

for 5 we* and eajpte of ,hi, culJSeSota”? '™ 

. moles of the whole Chlwre were sterilised hy Moclaviog 
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1 15°C. for 30 minutes; these were tested on groups of five rabbits in doses 
of 0'02, 0‘004, 0-002 and 0-0002 ml./kg of body weight. The curves 
for these experiments are shown in Figure 4. The larger doses of 0-02 
and 0-004 ml./kg. of body-weight stimulated the double-peak fever but 
those of 0-002 and 0-0002 ml. /kg. of body-weight only the single-peak. 

2. Samples of the viable culture were filtered free of cells by filtration 
through a Berkefeld filter candle, and the filtrate sterilised by autoclaving 
at 1J5°C. for 30 minutes. A dose of 0-02 of body-weight was 

tested on groups of 5 rabbits on 3 separate occasions, only the single-peak 
fevers of the immediate response type were stimulated. The curve for 



5— Showing different fevers stimulated by modifications of the same culture 
of Escherichia coli. 

Curve 1 . — Filtrate of viable culture. 

Curve 2.--FiUrate of autoclaved culture. 

Curve 3.— Centrifuged supernatant of autoclaved culture. 

4_ — Centrifuged supernatant of viable culture. 

Curve 5 . — Washed bacterial cells. 
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one test is shown in Figure 5 (curve 1). However, in the previous set of 
experiments on P. vulgaris, the supposedly cell-free supernatant which 
unexpectedly gave rise to the double-peak reaction was prepared 
sterilising the culture before the cells were removd by centrifugation and, 
to bring the filtration experiments into line with this, samples of the whole 
culture of £. coli were first sterilised by autoclasing and then filtered free 
of bacterial cells. A dose of 0 02 ml. /kg. of body-weight of this filtrate 
was tested on groups of 5 rabbits on 2 separate occasions and the double- 
peak type of fever was obtained (Figure 5. curve 2). A dose of 
0-002 ml. /kg. of body -weight of the whole culture would contain more 
cells than a dose of 0-02 ml. /kg. of body -weight of the filtered culture, 
but such a dose of the whole culture does not stimulate the double-peak 
fever and the filtrate does; it would appear, therefore, that, the few cells 
possibly present in the filtrate would not cause the double-peak. There- 
fore of the 4 theories adsanced. the most probable one is that the 
solutions stimulating the double-peak of reaction contain two pyretic 
substances, one causing the immediate rise in body temperature and the 
other a delayed rise, a mixture of the two causing the double rise. By 
the fact that’ the second peak is either eliminated or reduced by removal 
of the cells, it would seem that most of the substance stimulating the 
second peak is within the cell, whereas that stimulating the first peak is 
mainly dtssohed in the medium. 

3. The tests on the centrifuged supernatant liquid w-ere also carried 
out using the supernatant liquid of both the viable and the sterilised 
whole culture. In all cases the centrifuging was at 3,750 r.p.m. for 3^ 
hours in an attempt to produce complete deposition of the cells, and no 
cells could be detected on microscopical examination. In four tests, each 
at a dose of 0 02 ml 'kg. of body-weight, the supernatant liquid of the 
preiiously sterilised whole culture caused the double-peak fever, one of 
which is shown in Figure 5 (curve 3). The supernatant of the viable 
culture at the same dose stimulated only the single-peak fever (Fia. 5, 
curve 4). These results therefore support those obtained for" the 
filtrate. The cells obtained by centrifugation of the sterilised w'hole 
culture were washed 3 times with pyrogen-free water and finally diluted 
with the required amount of saline solution to bring the cell count back 
to approximately that of the original culture, and tested at a dose of 
0 02 ml./kg. of body -weight. The fever developed w'as of the delayed 
type as was found in the previous experiment (Figure 5, curve 5). 

A third senes of experiments were carried out. again on P. r/dgaris 
using a seven-day culture; 


1. Three doses of the whole culture, 0-02, 0-002 and 0-000'’ ml /ks 
of body-weight, were tested. The two higher doses stimulated th 
double-peak reaction and the dose of 0 0002 ml/ks. of body-vvei«ht th 
smgle-peak reaction, showing again that the second" peak can be dilute 
out more readily than the first. 

thi of 

and that of ,he viable culbire ,he single-p 
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Summarising these results we have, that the second peak of a double- 
peak fever is more readily diluted out than the first, that the cell-free 
mtrate or centrifuged supernatant stimulates the single-peak type of fever 
if the cells are removed before autoclaving, and the double-peak type if 
the wholp culture is autoclaved before removal of the cells, and that the 
washed cells of the centrifuged culture cause the production of the 
delayed fever. From the results therefore it appears that there. are two 
pyretic substances, one causing the immediate fever and the other the 
delayed fever, and a mixture of both the double-peak fever. However, 
it also appears that the substance causing the second peak might be 
formed by the autoclaving of the cells. If the culture is autoclaved while 
the cells are present this substance is found in the medium, whereas, if 
the cells are first removed before autoclaving, the substance is usually 
absent. To clarify this point, a further set of experiments were carried 
out on a seven-day culture of Proteus vulgaris. The whole culture was 
divided into three parts, the first was sterilised by autoclaving at 115°C. 
for 30 minutes, the second by heating at 60 °C. for 1 hour and the third 
by addition of 0-3 per cent, of chlorocresol. At a dose of 0-02 ml./kg. 
of body-weight all three solutions caused the double-peak type of reaction. 
The actual quantity of chlorocresol injected into the rabbits was OT mg. 
and would have little effect. Thus the substance stimulating the double- 
peak fever is not formed by autoclaving the cells. Another possible 
explanation is that in the viable culture the substance causing the first 
peak is mainly dissolved in the medium and that stimulating the second 
peak mainly within the cell, and if there is any of this latter substance in 
the medium it is not usually present in sufiicient quantity to stimulate the 
second peak. Autoclaving however increases the quantity of this sub- 
stance in the medium sufficiently that the cell-free solution can stimulate 
the double-peak type of fever. This explanation is further supported by 
the fact that Serratia marcescetts (Bacillus prodigiosus) stimulated the 
double-peak fever whether the culture was sterilised before or after 
removal of the cells, showing that the second-peak substance is not an 
artifact produced by autoclaving the cells. It may be assumed that in this 
case the second substance passes more readily from the cell into the 
medium than it does in either Escherischia coll or P. vulgaris. 

The organisms examined which have stimulated the double-peak fevers 
are P. vulgaris, P. niorganii, Ps. fluorescens, Ps. ceruginosa, S. 
marcescens, S. keilensis, E. coli, Eberthella typhosa, B. mycoides and 
Staphylococcus aureus. On the other hand it cannot be claimed that 
other organisms tested in the course of this work which did not stimulate 
the double-peak type of reaction do not produce the necessaiy substance, 
as it may not have been present in the solutions tested in sufficient 
quantity to stimulate the second peak. 

Production of Depressant Substance by some Organisms and the 
Effect this has on the Fever Curve 
Reactions, following injection of cultures of F. vulgaris and Fj. 
fluorescens, were obtained from time to time which differed from me 
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usual tj'pe of fever reaction. In these cases the body temperature com- 
menced to rise sharply in the first hour, as it would in the usual fever 
reaction, but this was followed by a rapid fall in body temperature to 
well below normal. In one of the tests the average fall for fiive rabbits 
was 1 •34°C. below’ the initial temperature (Figure 6), one of the rabbits 
actually showing a fall of 3-4°C. within H hours of the injection. In 
the more severely affected rabbits of the groups, the other symptoms were 
signs of general collapse, the hind quarters were paralysed and there 
was no control over urination, the animals could not stand and the head 
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could only be moved slightly. These symptoms appeared in 1^ to If 
hours after the injection. Two hours after the injection the animals 
usually began to recover from this state, the temperature rose slowly and 
the^ animal was soon able to stand and move about. The symptom 
which was apparent in all of the animals injected, whether severely 
affected or not, was the loss of appetite, the animal refusing food for a 
mmaber of days after the experiment. 

The depressant effect was not repeated when further samples of the 
same cultures were retested, and it was also observed that when the 
reaction occurred, the first rabbit in each group to be injected was usually 
the most severely affected. As the solution to be injected is heated to 
approximately body temperature before injection, it was realised that 
if the depressant were very volatile it might be slowly driven off and, 
therefore, the solution injected into the first rabbit might contain a higher 
concentration of the depressant substance than that injected into the 
following rabbits. On this assumption experiments were carried out on 
a seven-day culture of P. vulgaris. Samples of the whole culture, in 
sealed ampoules, were sterilised by autoclaving at 115°C. for 30 minutes, 
and tested in doses of 0-02 and 0-002 ml. /kg. of body-weight. In these 
tests the solution was diluted, placed in an open beaker and heated to 
30° to 40°C. for about 10 minutes before injection. This solution pro- 
duced the usual fever reaction '(Figure 7), no depressant action or loss of 
appetite being observed. Similar samples of this culture were tested in 
doses of 0-04, 0-02 and 0-01 ml./kg. of body-weight, this time taking 
care during the preparation of the solution to prevent loss of any volatile 
substance, and the solution was not heated before injection. Here the 
depressant action was apparent at a dose of 0-04 ml./kg. of body-weight, 
there being a distinct fall in body temperature and development of 
paralysis (Figure 7). The rabbits receiving the other two doses, although 
not showing the fall in body temperature nor the paralysis, lost appetite 
for food for a few days. Thus the substance causing this fall in body 
temperature and loss of appetite is volatile, and since it is present in the 
cultures autoclaved in sealed ampoules, it appears to be relatively stable 
towards heat. 

Modifying effect of depressant on the fever . — Figure 8 shows how the 
height of the fever stimulated by a culture may be modified by this 
depressant substance. When the solution was heated before injection it 
caused the usual type of fever, the modifying effect of the depressant is 
seen in the fevers stimulated by the solution injected without previous 
heating, the temperature rose sharply in the first hour but instead of 
continuing to the usual peak in hours, it either fell sharply, or tended 
to remain at the point reached. Such a reaction, in which the depressan 
effect is not very obvious, might lead to the wrong conclusions concerning 
the pyrogenic activity of the solution. The depressant was inferrw to 
be present in these solutions, for, although the temperature of the anima s 
did not fall below normal, they refused food for a number of days fo ow 
ing the experiment, ft is clear that when testing cultures of bacteria it i 
advisable to heat the solutions before injection and the result oi y 
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experiment which is followed by the refusal of the animals to cat should 
be examined for signs of the modifying effect of the depressant, and the 
experiment repeated if necessary. 

This depressant might also account for the distinct fall in body tem- 
perature following the injection of the washed cells of P. vulgaris, as is 
seen in Figure 3. In this delayed fever the temperature fell before begin- 
ning to rise, and this reaction seems to be similar to the reactions referred 
to by Seiberf* and Hort and Penfold”. 
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Variations in stability to heat. — The stability of pyrogen to heat has 
been investigated by Seibert^ and Banks^ both concluded that it was a 
thermostable substance. In a previous paper, however, we showed that a 
cell-free filtrate of a 48-hour culture of P. vulgaris showed an initial rapid 
loss in activity when heated at 120°C., but that the solution was stiU 
pyrogenic after 4 hours at 120°C. 

A further 48-hour and a 31 -day culture of P. vulgaris and also cultures 
of Ps. (eruginosa, B. subtilis and M. teiragenes of 3, 2 and 1 weeks 
incubation at 37 °C. respectively, have since been examined for stability 



Fig. 8. — Modifying effect of depressant on the fever stimulated by a whole culture 

of Proteus vulgaris. 


Curve 1.— Dose— 0-002 ml. /kg. of body weight, no depressam effect. 
Curve 2.— Dose-0 02 ml. /kg. of body depfessant effe^. 

Qjj.ve 3 —Dose— 0-005 ml. /kg. of body weight, depressant effect. 
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to heat at 120°C. As the method of heating at I20“C. by autoclaving, 
as described in the previous paper, is not easily controlled or reproduced, 
the cultures tsere filtered free of bacterial cells, sealed in Jiick-gtos 
ampoules and immersed in an oil-bath maintained at 120 rfc 1 C. The 
reaction of each solution was previously adjusted to pH7, it was not 
considered necessart' to add buffering agents to the solution, as it was the 
buffered medium in which the organisms had been grown. Samples of 
each of the cultures were heated at 120°C. for 30 minutes, 1 hour, 11 
hours and 2 hours. The strengths of the unheated cultures were calcu- 
lated by extrapolation of the log. concentration against time curve, which 
is a straight line. Table I shows the results for this set of experiments. 

It would seem, from the results, that the rate of loss inactuity of 
cultures of P. vulgaris, B. subiilis and Ps. wrugitiosa is somewhat similar, 
in that approximately 50 per cent, is destroyed after 30 minutes and 
95 per cent after 2 hours. The activity of the M. tetragenes culture, 
on the other hand, was much more difficult to reduce, only 20 per cent, 
of the original acthity being destroyed after 2 hours at 120°C. 


TABLE 1 

SHOWNO the rate OE DESTRUenON Of THE PTROGEN TROM 
PS £’iUGt\QSA, E SUBTIUS A\'D K{ TETRACEVES 


Heat Treatment 


Pjeuiotronos 

aru^wosa 


BncxIIus 

subtilis 


Micri^coccus 

tcirasff^s 


Temp 

*C 

Duration 

hours 

Units 'ml 

Percentage 

destro}^ 
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96 
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93 

4t 
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75 

98 

J 

98 

14 

98 


erase 

percentage 

sSestroj-ed 

0 
42 
71 
94 


Linear relationship between the log. of concentration and rime— By 
detennmmg the percentage of the original concentration left at each 
stage, and plotting the logarithm of this against time, a linear relationshin 
was found to exist for aU four cultures, which satisfied all points within 
me expenmental error of the quantitatire test, i.e. about 15 ner cent 
Wyfc In ,he case oi nnfenA a b“h wriSeJi 

m 1-0 C. for 4 hours, but this point deviated in all three exaeriment.; 
from the linear relationship of the other points. ^ ™aents 

Figure 9 shows that the same straisht line the “ v t ^ 

fit” in this case, can be drawn to renriem VT 

pyrogen produced by P videaris ^ destruction of the 

t' ^■^^•‘S^^.Ps.cmtginosazniB.subtiiiswitymtbs 

831 




D. W. WYLIE AND J. P, TODD 

Variations in stability to heat. — The stability of pyrogea to heat has 
been investigated by Seibert^ and Banks^ both concluded that it was a 
thennostable substance. In a previous paper, however, we showed that a 
cell-free filtrate of a 48-hour culture of P. vulgaris showed an initial rapid 
Joss in activity when heated at 120°C., but that the solution was still 
pyrogenic after 4 hours at 120°C. 

A further 48'hour and a 31 -day culture of P, vulgaris and also cultures 
of Ps. esruginosa, B. subtilis and M. tetragenes of 3, 2 and 1 weeks 
incubation at 37 °C. respectively, have since been examined for stability 



Fig. 8.— Modifying effect of depressant on the fever stimulated by a whole culture 

of Proteus vulgaris. 


Curve I.— Doser-O-002 ml.fkg. of body weight, no 

Curve 2.— Dose— 0-02 ml./kg. of body weight, depressant effect 

Curve 3,— Dose— 0 005 ml./kg. of body weight, depressant effect. 
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to heat at HO^C. As the method of heating at 120°C. by autoclaving, 
as described in the previous paper, is not easily controlled or reproduced, 
the cultures were filtered free of bacterial cells, sealed in thick-glass 
ampoules and immersed in an oil-bath maintained at 120 ±: 1 C. The 
reaction of each solution was previously adjusted to pH7, it was not 
considered necessary to add bufiering agents to the solution, as it was the 
buffered medium in which the organisms had been grown. Samples of 
each of the cultures were heated at 120 °C. for 30 minutes, 1 hour, H 
hours and 2 hours. The strengths of the unheated cultures were calcu- 
lated by extrapolation of the log. concentration against time curve, which 
is a straight line. Table I shows the results for this set of experiments. 

It ViOuld seem, from the results, that the rate of loss inactivity of 
cultures of P. vulgaris, B. subtUis and Ps. leruginosa is somewhat similar, 
in that approximately 50 per cent, is destroyed after 30 minutes and 
95 per cent after 2 hours. The activity of the M. tetragencs culture, 
on the other hand, was much more difficult to reduce, only 20 per cent, 
of the original activity being destroyed after 2 hours at 120’’C. 


TABLE I 

Showing the rate of destruction of the piiRogen from 
PS /emaivosA, b susrius asd m TErRACEVEs 


Heal Treatment 


Pseudomonas 

arustnosa 


Bacillus 

subtitis 


Micrococcus 

tcfrageres 


Temp 

*C 

, Duration 
hours 

Umis'm! 

Percentage 

destro)^ 

Umts'ml 

Percentage 

destro>cd 

Umls/ml 

PtTctmiage 

destrosed 


Extrapolation 

214 

0 

19 

0 

9 1 

0 


120 


75 

65 

9 

52 6 

8 75 

3 8 


120 

1 

51 

76 

4 4 

76 E 

8 0 

12 6 * 


120 

u 

26 9 

87 

2 4 

87 4 

7 5 

17 6 


120 


10 6 

95 

0 9 

95 

7 3 

19-8 





4S-hour 


48-bour 

1 

31-day 

culture 


A\erage 



culture 


culture 



percentage 



.. 






destrojed 

60 

120 

120 

120 

120 

I 

1 

1* 

4 

46 

31 

6 75 

2 0 

0 75 

0 

33 

8^ 

96 

98 

87 5 

42 5 

21 9 

6 2 

1 

0 

3S 

76 

93 

98 

l 

825 

362 

400 

41 

14 

Q 

56 

52 

95 

98 

0 

42 

71 

94 

98 


iciuiiuiianty ut^nvetn me tog. oj concentration and r/me.— B 
deternuning the percentage of the original concentration left at eac 
stage, and plotting the logarithm of this against time, a linear relationshi 
was found to exist for aU four cultures, which satisfied aU points withi 
the expei^nul error of the quantitative lest, i.e. about 15 per cen 

a H a batch wSeate 

St 120 C» for A hours, hut this TJoiut in 4 . 1 . . 

from the linear relationship of the other poin? expenmeni 
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experimental error of the quantitative test. The results for M. tetragenes 
although still linear are quite different. 

Summarising these results, we find that the pyrogen present in the 
cell-free filtrate of cultures of Ps. ceruginosa, P. vulgaris and B. subtilis 
show very similar rates of destruction. M. tetragenes, on the other hand, 
seems to produce a pyretic substance of totally different stability. How 
far these results would agree with those obtained by the use of pure 
pyrogen is unknown, and continuation of the work on these lines, for 
purposes of comparing the stability of pyrogen produced by different 
organisms, would be of little value unless carried out on the purified 
substances. The results obtained here fulfil the desired requirements, in 
that they give an indication of how much pyrogen may be lost during any 
heating process, and also of the degree of severity of treatment permis- 
sible in the isolation of pyrogen. 



p,Q 9 — ^Showing linear relationship between logarithm of residual concentratio 
and duration of healing at 120 C. 

Upper graph Micrococcus tetragenes. 

Lower graph o Proteus vulgaris. 

• Bacillus subtilis. 

' y Pseudomonas eerugmosa. 
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Summary 

]. Three distinct types ot fever curves can be stlnudatcd by injection 
of modifications of the same bacterial culture. 

2. Injection of a sterilised whole culture causes a double-peak fever; 
the cell-free filtrate or supernatant liquid of a culture stimulates a single- 
peak fever, rising to a peak in an average time of 86 minutes if the cells 
are removed before autoclaving, and a double-peak reaction if the culture 
is autoclaved before removal of the cells; the fever caused by injection 
of a suspension of washed bacterial cells is a single-peak fever of the 
delayed reaction type, reaching its peak in 3 to 4 hours. 

3. The results show that certain bacteria probably produce two pyretic 
substances, one of which, in the viable culture, is dissolved in the medium 
and stimulates the single-peak fever of the immediate reaction type, and 
the other is contained mainly in the bacterial cell and stimulates the 
single-peak fever of the delayed reaction type, a mixture of both causing 
the double-peak fever. 

4. Proteus vulgaris and Ps. fluorescens can produce a volatile depres- 
sant substance, which either lowers the body temperature to below 
normal, or prevents the pyrogen from causing a rise in body temperature. 
This depressant causes general paralysis if injected in sufficiently large 
doses, in smaller quantities the most obvious effect is the loss of appetite. 
It has been shown that any pyrogen test followed by the rabbits refusing 
to eat for a few' days should be examined for other effects of the depressant 
substance, and should be repeated, taking care to heat the solution to 
between 30° and 40°C. for about 10 minutes before injection. 

5. An investigation of the stability of pyrogen to heat at 120°C 
showed that Ps. cerugmosa, B. subtilis and P. vulgaris produce pyretic 
substances of similar stabilit)', whereas M. letragenes produces a much 
more thermostable substance. 

6. The results from the investigation of the stability showed that the 
pyrogens of P. vulgaris, Ps. ceruginosa and B. subtilis are sufficiently 
labile to require care when using heat during isolation, as approximatelv 
95 per cent, is destroyed after 2 hours at ]20°C. Finally it must be 
emphasised that further investigation into these points would be of little 
value unless carried out on the pure pyretic substances isolated from 
various bacterial sources. 


This work was carried out during the tenure by one of us (D.W.W.) 
of a Carnegie Scholarship and a Wellcome Research Fellowship to' the 
trustees of which we wish to express our thanks. 
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, DISCUSSION 

The paper was read by Mr. Wylie. 

The Chairman said that the subject of pyrogens appeared to be more 
complicated than had been thought originally; he assumed the authors 
were intending to continue their work, and he would suggest to them 
that they should try chromatography as a method of separating pyrogens. 

Professor H. Brindle (Manchester) said that the presence of the de- 
pressant seemed important, and it should be taken note of in testing for 
pyrogens. Had the authors distilled their cultures in order to make 
certain that this depressant substance was volatile? 

In Figure 4 the authors used dilutions in order to show that the second 
factor could be diluted out. This introduced difficulties as regards 
quantitative work. If the Figure was correctly printed it would appear 
that there was a considerable difference between the action of two exactly 
similar doses of 0-02 ml., and it also seemed that 0-004 ml., only of 1 /5 
of this dose would produce a greater response than the whole dose. 

Dr. G. E. Foster (Dartford) asked whether the authors had been 
able to confirm the destruction of pyrogens in solution on keeping as 
had been reported at the Torquay Conference. His Company had been 
asked by an outside organisation to do some pyrogen tests for them, 
and one of the substances had made the rabbits’ temperature fall very 
markedly. They had subsequently found out that the material sub- 
mitted to them was a salicylate, which was an antipyretic. Had the 
authors any experience of testing for pyrogens in antipyretics? 

Mr. E. H. Reid (Dagenham) asked whether the culture of pro- 
digiosus had been treated in the same way as that of T. vulgaris, i.e., 
by autoclaving at 115°C. for 30 minutes, by heating at 60°C. for an 
hour or by the addition of 0-3 per cent, of chlorocresol. If not, the 
possibility that the double peak was due to the sterilisation procedure 
could not be excluded. 

Mr. G. E. Shaw (Runcorn) said that in work on scour in calves and 
on infantile gastro-enteritis they had found that by extracting a culture 
of organisms by boiling they could obtain a toxic substance which did 
not come out into the culture medium. 

This substance, which was only present in extremely small amounts, 
had been found to contain about 15 per cent, of carbohydrate. When 
concentrated it produced a temperature reaction in calves with a 
characteristic gastro-intestinal lesion. It also killed rabbits, guinea-pigs, 
and mice. It would also act as a rather feeble antigen, but one could 
prepare an antiserum against it. The organism was grown on a medium 
containing ammonium sulphate, protein acid hydrolysate and glucose, 
and in deep culture the medium was aerated. After about 20 Imurs 
the count was about 3,000 million organisms per ml. Could Mr. Wyhe 
give the total count of the culture he had used, and also the viable 
count? Was the pyrogen reaction simply a form of antigen-antibody 
reaction, or was it the effect of a pyretic chemical? He thought tba 
different pyrogens might be of a similar type, all producing an an ig 
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tissue leaclion. I£ they shook up pyrogen with an adsorbent such as 
zeolite, did they remove the constituent responsible for the rapid cHcct. 

or that causing the more slow reaction? , - 

Mr.'J. a. Myers (Bradford) asked if the authors had compared their 
results with the temperature curves of patients after transfusions. Quite 
frequently a rise of temperature was ascribed to the presence of pyrogens, 
but it miaht be due to the patient’s clinical condition. Such comparisons 
might roughly indicate whether a patient’s rise of temperature was due 
to sometidng within the solution, such as bacteria, or due to some 
clinical interference related to the patient’s condition. 

hfe. G. R. Milne (Glasgow) said that the presence of a depressant 
substance was of special interest in connection with blood transfusion. 
In a well orsanised transfusion unit large quantities of transfusion fluids 
were produced with no trouble from pyrogenic reactions, but with blood 
and blood products, no matter how careful one was, there were always 
spells when reactions occurred. Unfortunately when they occurred care-, 
ful records were not usually made, and it was therefore difficult to find 
an explanation for them. Many samples of blood had been returned to 
his depot to be tested for bacterial contamination and all the reports were 
negative. He was interested in the report of the depressant substance, 
because the condition of the patient might be such that the ratio of the 
amount of depressant substance to that of the pyrogen would turn the 
balance. 


Mr. D. W. Wylie, in reply, said that they were not directly concerned 
with the depressant substance and had merely investigated it to find how 
it was produced, and how it could be eliminated before they tested the 
pyrogenic culture. The substance could be distilled off. The double peak 
response curve upset the quantitative test to some extent, but they had 
found the test still accurate provided one regarded only the first peak. 
The experiments in Figure 4 were not necessarily carried out at doses 
which were in the quantitative range; therefore one might get one-fifth of 
a dose stimulating response similar to that of the full dose. 

In this paper and in the previous one, they had gwen results of the 
stability of pyrogen at 120°C. They had tested various solutions for 


pyrogen but not, so far, antipyretic solutions. Their culture of B 
prodigiosus had been sterilised by autoclaving at IIS'C. for 30 minutes 
In this case the intracellular substance passed into the medium. 

They had done the total counts and viable counts asked for by Mi 
Shaw and he would send them on. They did not seem to be ver 
important They did not think the pyrogenic response was an antibod 
antigen reaction. They had not compared their fever counts with patient’ 
cnr\’es, but the rise of ternperamre in rabbits had been similar. 

PROFEpoR J. P. Topd, the Joint author of the paper, said he would lik 
to add that the depressant substances were being investigated and Mi 
Wylie s successor had started on the work. 
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CHEMISTRY 

ANALYTICAL 

m- and ^-Cresol in their Mixtures, Colorimetric Analysis of. S. A. 
S a V i 1 1, A. M. Goldberg, and D. O t h m e r. {Anal., Chem., 1949, 21, 
516.) The method used was based on the production of coloured nitroso- 
phenols. The cresols were dissolved in a potassium hydroxide-glacial acetic 
acid buffer solution, and sulphuric acid followed by sodium nitrite solution 
was added. After standing, alcoholic ammonium hydroxide was added, the 
solution allowed to stand overnight, and the colour read photoelectrically 
using a violet light filter (492 m/i). Standard curves of the colour transmis- 
sions of the nitroso-solutions are given together with the calibration curves, 
for known concentrations of m- and p-cresol and their mixtures. The rate 
of absorption of water by the cresols in the atmosphere was determined and a 
graph is given for m- and p-cresols; it was concluded that the small amount 
of water absorbed over the initial 15 minutes of exposure would have no 
effect on the precision and accuracy of the analytical procedure. Numerous 
unknown samples were analysed and gave results which were reproducible to 
within 1 per cent. If phenol or <?-cresol were present, it was found to be 
necessary to remove it by an efficient distillation and rectification prior to 
analysis for the binary mixture itself. R. E. s. 

Iron, Volumetric Determination of. W. D. C o o k e, F. H a z e 1 and 
W. M. M c N a b b . {Anal, chem., 1949, 21, 643.) Solutions of ferric 
salts, acidified with either sulphuric or hydrochloric acid, were reduced by 
treating with liquid zinc amalgam. After separation of the amalgam, the 
residual ferric ion was reduced by the addition of a few drops of chromous 
chloride solution, the chromous ion reactions being followed by a low 
potential redox indicator, phenosafranine (oxidation-reduction potential, 

— 0-28 volt). Complete reduction of the ferric ion was indicated by the 
colour change of the indicator from pink (oxidised form) to colourless, 
while the reverse colour change indicated complete oxidation of the excess 
chromous ion by atmospheric oxygen. No evidence of oxidation of ferrous 
iron by air was observed under the conditions of the experiment, thus elimin- 
ating the necessity of maintaining an inert atmosphere during liquid zinc 
amalgam reductions. In the actual titration of a ferric salt liquid amalgam 
was added followed by sulphuric or hydrochloric acids. After 1 minute 
carbon tetrachloride was added, the amalgam was removed (the reactions 
being carried out in a separating funnel), 2 drops of phenosafranine indicator 
were added followed by chromous chloride (usually 4 to 5 drops) until 
the pink colour of the indicator disappears and a clear green tint was visible: 
at this stage the solution was swirled until the pink colour reappeared. 
Phosphoric acid and diphenylamine sulphonate were then added and the 
titration was completed with standard potassium dichromate solution. An 
indicator correction was found to be necessary. ^ 

Lajvulose, Determination of. D. T. Eng] is and J. E. Miles, 
chem. 1949, 21, 583.) The fact that laevulose was found to produce considc - 
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able colour, while deUrose produced practically no colour, when treated 

with the Folin-Denis phosphotungstic-pbosphomolybdate reagent, was used 

as a basis for the colorimetric determination of Itevulose in the Presence of 
dextrose. A ^0 per cent, solution of trisodium phosphate w’as added Imally 
in place of the usual sodium carbonate solution, and a senes of tnal 
determinations indicated that 10 minutes was the optimum tinae for heating 
in a water-bath at lOOX. Graphs are given for the extincUon values 
(determined photoelectricallyl of the blue colours produced by solutions 
of Irevulose and dextrose of known concentrations when treated under tlie 
conditions recommended. In order to determine the amount of Itevulose 
in a mixture a procedure is outlined which necessitates the determination 
of total reducina sugars by another method. Using the known values, 
the percentage n't Iffivulose can then be determined since the blue colour 
produced hy the dextrose m the Folin-Denis reaction is relatively low’ in 
intensity. ^ 

Potassium, Colorimetric Determination of, by Folin-Gocalteu Phenol 
. Reagent. M. A. M. A b u I - F a d 1. {Biochem. J., 1949, 44, 282.) The method 
depends on the fact that alkaline solutions of cobalt salts, in the presence 
of a trace of an amino-acid (glycine or alamne), reduce the phosphomolybdic- 
phosphotungstic acid phenol reagent to a blue colour, the intensity of which 
IS duectly proportional to the amount of cobalt present, and hence, if 
potassium has been precipitated as cobaltinitrite, to the amount of potassium 
in the original solution. DeUils are given for the precipitation of the 
potassium from the serum as cobaltinitrite and for the w'ashing of the 
precipitate. The precipitate is dissolved in water, and glycine, sodium 
carbonate and Fohn’s solutions added when, after standing at 37 °C, for 
10-15 minutes, the blue colour is read photoelectncally. The reduction of 
the phosphotungstic-phosphomolybdic acids by cobalt salts could not be 
effected in the absence of ammo acids; the intensity of the blue colour 
was dependent on the ammo-acid concentration, the optimum colour being 
obtained with 0-2 to 0-5 M-glycine. .Amino-acids of higher molecular weight 
than alanme gave a blue colour with the phenol reagent in the absence of 
cobalt, the intensity of the colour depending on the molecular w’eight The 
method can conveniently be earned out on 0-2 ml. serum instead of 0-5 ml. 
required for previous methods. r. r. g. 


Ribofiavine In Foodstuffs and Biological Material, Fluorimetric Estimation 
of. E. Ko die ek and Y. L Wang. (Sioc/iem. /., 1949, 44, 340.) The 
material under examination is first extracted on a w-ater-bath with 
OTN hydrochloric acid, the proteins being precipitated by the use of meta- 
^osphoric acid and/or digestion with takadiastase (for starchv materials) 
the extract is washed with chloroform in acid solution and oxidised with 
saturated potassium permanganate solution follow ed by treatment with hvdxo- 
gen peroxide to decolonse the remaining permanganate. At this stae'e the 
extract is adjusted to pH 6, methyl alcohol is added to clarify if necessary 

^ filter for foe incident 
b=ht and a yeUow filter between the solution and the photoceU. A sensitive 
photocell-galvanometer circuit is used and in the blank ribofiavine is reduced 
to a non-fiuorescent compound with a neutmlissd solution of sodium 
ditlMmte, Several samples were analysed in 8 to 12 replicates and iRp 
coefficient of variation ranged from to 4-6 n^r rent TX 
the method derrea<;« a • per cent. The accuraev of 

method decreases with decreasing concentration of ribofiavine in' the 
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material examined. Details of procedure are given together with a standard 
curve for pure riboflavine. res 

ORGANIC CHEMISTRY 

Aloiii. Characters and Reactions of. C. L. Harders. (Phann. 
Weekhl. 1949, 84, 250, 273.) The solubility of aloin from Curasao aloes was 
determined for a number of solvents at 20°C., with the following results; — 


Solvent 

Solubility 

Chloroform 

1:33333 

Carbon tetrachloride 

1:20000 

Ether . . 

1: 3333 

Ether (saturated with water) 

1: 1818 

Ethyl acetate . . 

1: 

56-4 

Amyl alcohol 

1: 

523-6 

Dichlorhydrin 

I: 

34-8 

Dioxan 

1; 

13-3 

Water . . 

1 : 

155-4 

Methyl alcohol 

1; 

13-2 

Ethyl alcohol . . 

1: 

46 


Impure (commercial) aloin has a higher solubility in water. The molecular 
weight of aloin, determined cryoscopically in ethyl urethane, was found to be 
413. By hydrolysis in the absence of oxygen, no anthranols are formed, as 
under these conditions they give condensation products. When oxygen is 
present hydrolysis gives an emodin. A preliminary oxidation is also neces- 
sary in order to remove a pentose from the molecule. The fresh sap of the 
plant contains no emodin. Results suggesting the presence of an easily split 
glucoside of an anthraquinone derivative are due to the presence of mucilage, 
derived from the leaf, and to the action of oxygen on aloin. A new com- 
pound which was isolated from the sap is the cause of the intense colour. 
This compound crystallises in needles (m.pt. 119°C.), is readily soluble in- 
benzene, and has a molecular weight of 230-5. For the determination of 
aloin in aloes four methods are suggested: chlorination (Leger); determina- 
tion of pentose (Goldner); determination by persulphate (Seel) and deter- 
mination with ferric chloride. Details of the last method are as follows: 
10 mg. of aloes is dissolved in 0-5 ml. of water and treated with a solution of 
0-3 g. of ferric chloride and 38 g. of calcium chloride (ZH^O) in 20 ml. of 0-5N 
hydrochloric acid. The mixture is boiled under a reflux for 45 minutes, 
diluted with an equal volume of water, and filtered through glass wool. The 
filtrate is shaken out successively with 25, 25, and 15 ml. of ether. The residue 
on the glass wool is dissolved in 4N sodium hydroxide and poured into a 
slight excess of N hydrochloric acid. The suspension obtained is also shaken 
out with ether. The combined ethereal solutions are washed successively 
with 5 ml. of water, 2-5 ml. of phosphate buffer (pH8) and 5 ml. of water 
The solution is then shaken with 20 per cent, ammonia until no more emodin 
is extracted, the volume of the ammoniacal solution being finally made up to 
250 ml. The emodin is determined colorimetrically, using as standard a 
solution prepared in a similar manner from pure aloin. Good samples of 
Curasao aloes contain nearly 40 per cent, of aloin. 

Myristidn, Synthesis of. V. M. Trikojus and D. E. White. 

(I. client. Soc., 1949, 436.) The constitution of myristidn as I-methoxy-2.3' 
methylenedioxy-5-aIlylbenzcne has been confirmed by synthesis (preliminary 
report Nature, 1939, 144, 1016). Allylation of pyrogallol 1-methyI ether gave 
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two monoallyl ethers, the lower boiling ether being characterised as pyro- 
gallol 1-methyl 2-allyl ether. Pwolysis of this ether gave 2:3 dihydroxy-l- 
methoxy-5-allylbenzene which on treatment with methylene iodide and potas- 
sium carbinate gave myristicin, identical with the natural product obtained 
from oil of nutmeg. This identity was established by comparison of samples 
of tetrabromomyristicin, isomyTisticin, and tetrabromoisomyristicin prepared 
from natural and synthetic myristicin. Pyrolysis of the higher boiling mono- 
allyl ether (pyTogallol l-methyl-3-allyl ether) and methylenation of the 
product produced myTisticin in smaller yield. R. E, s. 

BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

Yitamin A, Refining of Oils containing. By J. H. B u r g o y n e and F. A. 
Burden. {Nature, 1949, 163, 722.) It has been thought that alkali-refining 
of fish-liver oils containing vitamin A decreases their potency because of 
the absorption of vitamin A by soaps formed in situ. Experiments with a 
number of oils seem to indicate that just the opposite is the case. The 
neutralised oil, far from losing anything of its original potency, extracts to 
a large extent vitamin A from the soap formed during the neutralisation. 
In oils with high potency and high acid value this increase can be quite 
substantial, as illustrated by the following example. 



Weight 

Vitamin A 

Total content 


(g.) 

Potency 

of Vitamin A. 



a.u./g.) 

(I.U.) 

Origmal oil 

24-50 

120,000 

2,940,000 

Neutralised oil 

18-75 

, 140,000 

2,625,000 

Oil in soapstock 

5-75 

44,000 

253,000 


(by difference) 


The loss of vitamin A dunng the alkali-refining is due to somemeutral oil 
being carried away with the soap-stock, while the potency of the neutralised 
oil has increased. As the latest refining methods allow of a loss closely 
approaching the theoretical Wesson loss, it seems beyond doubt that alkali- 
refining provides the most economical and simple method of purifying oils 
containing \itamin A S. L. w. 


BIOCHEMICAL ANALYSIS 

p -Aminosalicylic Acid in Body Fluids, Determination of. J, P 
N e w h o u s e and W. K 1 y n e. {Biochem. 1949, 44, VII.) The method 
employs diazotisation and coupling at room temperature instead of at O'C. 
Oxalated blood, plasma or cerebro-spmal fluid (0-2 ml.) is measured intn a 
test-tube containing 6-7 ml. of water, the contents of the tube are shaken, 
allowed to stand for 3 minutes and trichloracetic acid (0-6 ml. of a 25 per cent! 
w/v solution) is added; after shaking, the mixture is allowed to stand for 15 
minutes and is then filtered through a small ViTiatman paper (No. 40 or 4'^) 
into a graduated centrifuge tube. To the clear filtrate (5-0 ml.) concentrat^ 
hydrochloric acid (1-5 ml.) and a 1 per cent, solution of sodium mitrate 
(0-2 ml.) are added, the tube is shaken for 30 to 40 seconds and TO ml of 
ammoniim sulpbamate reagent (consisting of 2-0 g. ammonium suphamate in 
SO ml. of glacial acetic acid and 50 ml. of water) is added. The resultine 
solution IS shaken for 10 seconds and 1-0 ml. of naphthylethylenediamine 
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materiai examined. Details of procedure are given together with a standard 
curve for pure riboflavine. r e. s 

ORGANIC CHEMISTRY 

Aloiii. Characters and Reactions of, C. L. Harders. (P/wrm. 
Weekbl. 1949, 84, 250, 273.) The solubility of aloin from Curapao aloes was 
determined for a number of solvents at 20°C., with the following results: — 


Solvent 

Solubility 

Chloroform 

1:33333 

Carbon tetrachloride 

1:20000 

Ether 

1; 3333 

Ether (saturated with water) 

1: 1818 

Ethyl acetate . . 

1 : 56-4 

Amyl alcohol 

1 ; 523-6 

Dichlorhydrin 

1 ; 34-8 

Dioxan 

1 : 13-3 

Water . . 

1: 155-4 

Methyl alcohol 

1 : 13-2 

Ethyl alcohol . . 

1 ; 46 


Impure (commercial) aloin has a higher solubility in water. The molecular 
weight of aloin, determined cryoscopically in ethyl urethane, was found to be 
413. By hydrolysis in the absence of oxygen, no anthranols are formed, as 
under these conditions they give condensation products. When oxygen is 
present hydrolysis gives an emodin. A preliminary oxidation is also neces- 
sary in order to remove a pentose from the molecule. The fresh sap of the 
plant contains no emodin. Results suggesting the presence of an easily split 
glucoside of an anthraquinone derivative are due to the presence of mucilage, 
derived from the leaf, and to the action of oxygen on aloin. A new com- 
pound which was isolated from the sap is the cause of the intense colour. 
This compound crystallises in needles (m.pt. I79°C.), is readily soluble in- 
benzene, and has a molecular weight of 230-5. For the determination of 
aloin in aloes four methods are suggested ; chlorination (Leger); determina- 
tion of pentose (Goldner); determination by persulphate (Seel) and deter- 
mination with ferric chloride. Details of the last method are as follows; 

10 mg. of aloes is dissolved in 0-5 ml. of water and treated with a solution of 
0-3 g. of ferric chloride and 38 g. of calcium chloride (2H,0) in 20 ml. of 0-5N 
hydrochloric acid. The mixture is boiled under a reflux for 45 minutes, 
diluted with an equal volume of water, and filtered through glass wool. The 
filtrate is shaken out successively with 25, 25, and 15 ml. of ether. The residue 
on the glass wool is dissolved in 4N sodium hydroxide and poured into a 
slight excess of N hydrochloric acid. The suspension obtained is also shaken 
out with ether. The combined ethereal solutions are washed successively 
with 5 ml. of water, 2-5 ml. of phosphate buffer (pH8) and 5 ml. of water 
The solution is then shaken with 20 per cent, ammonia until no more emodin 
is extracted, the volume of the ammoniacal solution being finally made up to 
250 ml. The emodin is determined colorimetrically, using as standard a 
solution prepared in a similar manner from pure aloin. Good sarnples of 
Curacao aloes contain nearly 40 per cent, of aloin. 

Myristicin, Synthesis of. V. M, Trikojus and D. E. 

(/. chem. Soc., 1949, 436.) The constitution of myristicin as I-raethoxy-_;->- 
methylenedioxy-5-allylbenzene has been confirmed by synthesis fprehminao 
report Nature, 1939. 144, 1016). Allylation of pyrogailol 1 -methyl ether ca c 


838 



®'OCaE„ "'>'ma„v,/mo.„, 

°E''’ER.4r ®^«V ''■'*■ 




ABSTRACTS 


dihydrochloride solution (0‘2 per cent.) is added. p-Aminosalicylic acid gies a 
purple colour attaining its maximum intensity after standing for 15 minutes at 
room temperature and stable for at least 3 hours. The colour intensity is 
measured with a photoelectric photometer, using a yellow-green filter (e.e. 
Ilford No. 60S) and is compared with that obtained from a standard represent- 
ing 10 mg. of p-aminosahcylic acid per 100 ml. of blood. In the preparation of 
the standard, 5-0 ml. of a stock solution (containing 183-9 mg. of sodium 
p-ammosaUcylate dihydrate /I.) is diluted to 100 ml., 2-0 mi. of this solution. 
2-6 ml. of water, and 0-4 ml. of trichloracetic acid solution are mixed and 
treated as the 5-0 ml. of blood filtrate. In setting the instrument to zero a 
blank consisting of 0-4 ml. of trichloracetic acid solution and 4-6 ml. of water 
is used and is treated as the 5-0 ml. of blood filtrate; a blank determination- 
on blood is not usually necessary. The colour developed is directly propor- 
tional to the p-aminosalicylic acid concentration in the range 0 to 
10 mg./ 100 ml. of blood, but this linear relationship does not hold strictly at 
higher concentrations. When known quantities of p-aminosah'cylic acid 
(1 to 20 mg./ 100 ml.) were added to normal blood or to cerebro-spinal fluid 
the following recoveries were obtained ; blood 77 to 94 per cent., mean 85 
per cent.; cerebro-spinal fluid 90 to 100 per cent., mean 94 per cent. Dupli- 
cates agreed within about 0-3 mg./ 100 ml. Streptomycin did not interfere in 
the determination r. e. s 

Heparin, A New Method for the Assay of. H. K j e m s and H. 
Wagner. (Ac/a Pharmacol. Toxicol., 1948, 4, 155.) A method for the 
assay of heparin is described based on the fact that, under suitable conditions, 
the clotting times in mixtures of varying amounts of heparin and constant 
amounts of oxalated ox plasma and thrombin are gradually prolonged be- 
tween 20 and 60 seconds, so tha( a smooth curve is obtained for clotting time 
plotted against amount of heparin. 0-07 ml. of heparin standard solution and 
0-13 ml. of 0-9 per cent, sodium chloride solution are pipetted into a test tube, 

1 ml. of oxalated ox plasma is added and the contents are mixed by swinging 
the test tube before the addition of 0-1 ml. of thrombin solution. The test 
tube is at once placed in a water thermostat at 37°C., and during the first 
5 sec. the test tube is vigorously moved in order to produce rapid tempera- 
ture equilibrium; it is then swung to and fro with a quiet pendulum move- 
ment, being raised slightly over the horizontal position each time it is moved 
to the left. The moment of clotting is noted when the mixture does not run 
but slides down the wall of the test tube. Sodium chloride solution (0-9 per 
cent.) must be added to the thrombin solution until a clotting time of 30 to 
35 sec. is attained. The oxalated plasma is made by centrifuging fresh ox 
blood with 10 per cent, of a 5 per cent, potassium oxalate solution, stored at 
0°C. for at, least 24 hours, and again centrifuged immediately before use. A 
standard curve of clotting times using known amounts of heparin is prepared 
and the strength of an unknown solution of heparin can thus be determined. 

A number of variables in this assay have been studied including the prepara- 
tion of the plasma, the volume of the heparin solution and the influence of 
pH. The presence of a hitherto unknown factor taking part in the coagula- 
tion of the blood is shown. 

Osstrogens, A New Method for the Separation of Androgens from, and for 
the Partition of OEstriol from, the (Estrone-fEstradiol Fraction. N is. 

F r i e d g o o d, J. B. G a r s t and A. J. H a a g e n-S m i t. (J. biol. 

1948. 174, 523.) The application of ultra-violet absorption spectropno 
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mein - 10 ite qu^nlilaUve detemvinatioa of the urinary 
eated with a view to developing an objective physical method 
accurate determination. The causes of inaccuracies of the methods m current 
use were investigated, including the following aspects of the problem, the 
spectrophotometric identification and quantitative micro-determinabon of 
crystalline cestrogens; the detection by spectrophotometric assay of gross 
errors in current methods for extraction and partition of cestrogens; studies 
on the ultraviolet absorption of substances used for the extraction an 
partitioa procedures; the separation of the phenolic (estrogens from he 
androgen steroid fraction: the separation of urinary cestrogens from the other 
urinary phenolic substances by steam distillation; and the micro-Girard 
separation of oestrone from oestradiol. A new method was developed for the 
extraction, partition and quantitative determination of crystalline cestrone. 
(Estradiol and cestriol. The (estrogens were separated from the androgens 
by partition between N potassium hydroxide and a mixture of 1 volume of 
solvent ether and 18 volumes of carbon tetrachloride. Benzene and disodium 
hydrogen phosphate were used for the separation of the cestrogens into 
strongly and weahly phenolic fractions because 0-3M sodium carbonate 
carries one-third of the (estradiol over into the cestriol fraction. A specially 
designed apparatus made it possible to reduce to a minimum the number of 
transfers of extracts and residues. The sensitive ultra-violet spectrophoto- 
metric method which was used for the assay of crystalline cestrone. 
(estradiol and cestriol gave consistent results and ciystalline cestrogens were 
recovered quantitatively . 1. H. P. 


Phenazone in Biological Materials, Estimation of. B. B. Brodie. 
J. Axelrod. R. Soberman. and B. B, Levy. {J. biol. Chenu, 1949. 
179, 25.1 Tv .0 methods for the determination of this compound in biological 
materials are described. One procedure involves the extraction of phenazone 
from an alkaline solution of the biological material (organ tissues and fceces 
are prepared for analysis by emulsification m acid) with chloroform, and the 
evaporation of the solvent. The residue is dissolved on dilute sulphuric acid, 
sodium nildite is added and the resulting 4-nitrosophenazone is determined 
by spectrophotometric measurement of the light absorption at 250 mu. ‘The 
other proc^ure, suitable for plasma, involves the estimation of the phenazone 
directly in the plasma filtrate after removal of the protein with zinc hydroxide. 
A table is given, showing satisfactory' recovery experiments in both procedures 
when known amounts of phenazone were added to tissues and to plasma. 
Reproducible analyses of plasma and urine stored in the refrigerator for 
several days showed that the compound is stable in biological fluids. Distri- 
bution experiments bet(veen plasma and ethylene dtchloride indicated that 
the substance estimated was actually phenazone. Many drues found in 
plasma did not interfere. Sulphadiazine interferes since it absorbs light at 
350 iTiK. the absorption being increased by the addition of nitrous -acid. 

R. E, s. 


Lrobilmogen, Ehrliidi's Aldehyde Test for. T. M. W i I s o n and L S P 

to the considerable 

'ariation m the reagents used, and to the fact that there are numerous 

o'TnlTs S w f 

uu _ a per cent, (excluding Watson s reagent in 
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which the hydrochloric acid is immediately neutralised by sodium acetate) 
and the final concentration of p-dimethylaminohenzaldehyde varies between 
0-06 and 0*6 per cent. Ehrlich’s rosindole -reagent, which is still used by 
some workers, has the composition: p-dimethylaminobenzaldehyde 4 g., 
absolute alcohol 380 ml., and concentrated hydrochloric acid 80 ml. Apart 
from urobilinogen the substances most liable to give rise to a reddish-pink 
colour when urine is tested with Ehrlich's aldehyde reagent are indole, the 
precursors of two indole pigments — ^indirubin and urorosein — and porpho- 
bilinogen. The reaction is more sensitive if urines are tested while fresh 
and warm, and precautions detailed should be rigidly observed. Further 
work is required to determine the optimal quantities of p-dimethylamino- 
benzaldehyde and hydrochloric acid to be used and the relative amounts of 
reagent and urine to be employed in the test. s. L. w. 


CHEMOTHERAPY 


p-HydroxybenzencsuIphonamides. K. A. Jensen and S. A. K. 
Christensen. (Acfa chem. scand., 1949, 87, 207.) The following 
compounds were prepared by diazotising the corresponding p-amino com- 
pounds and boiling the diazonium chlorides so obtained with water; — 
2-(p-hydroxybenzenesulphonamido)-thiazole, m.pt. 221 to 222°C., 2-(p- 
hydroxybenzenesulphonamido)-benzthiazole, m.pt. 292°C., 2-(p-hydroxy- 
benzenesulphonamido)-5-methylthiazole, m.pt. 231 °C., 2-(p-hydroxybenzene- 
sulphonamido)-5-methyl-l;3:4-thiadiazole, m.pt. 217 to 218°C., 6-methoxy- 
8-(p-hydroxybenzenesulphonamido)-quinoline hydrochloride, m.pt. 2(t8°C. 
N-(3 : 4-dimethylbeiizoyl)-p-hydroxybenzenesulphonamide, m.pt. 187°C., 
‘6-(p-hydroxybenzenesulphonamido)-coumarin, m.pt. 230 to 231 °C., 
p-hydroxybenzenesulphonylguanidine, m.pt. 160 to 162°C., p-hydroxy- 
phenyI-2-aminothiazolyl(5)-sulphone, m.pt. ISO^C., p-hydroxyphenyI-2- 
aminothiazo!y(5)-sulphone hydrochloride m.pt. 247°C. These compounds in a 
concentration of I in 5000 had no bacteriostatic action on Diplococcits- 
pneumonia (type I), Eberthella typhosa. Staphylococcus aureus and 
Escherichia coli. 

Salicylic Acid, Some Substituted Amides of. K. A. Jensen and S. C- 
Linholt. {Acta chem. scand., 1949, 87, 205.) Six amides were prepared 
by treating the appropriate amino compound in pyridine solution with acetyl- 
salicyloyl chloride and removing the acetyl group by hydrolysis. The amino 
compounds used were 2-aminothi3Zole, 2-aminopyridine,2-amino-5-methyI- 
1:3; 4-thiadiazole, sulphanilamide, sulphathiazole and pp'-diaminodiphenyl- 
sulphone. When tested against Diplococcits pneumonice (type 1). Ebert Iwlla 
typhosa. Staphylococcus aureus and Escherichia coli, they were without^ 
bacterial effect in a concentration of 1 in 5,000. g. r. k. 


PHARMACOLOGY AND THERAPEUTICS 

iso-Amidone, a New Analgesic Drug Analogous to. 

R H Thorp and E. Walton. (Nature, 1949, 163, 479). 6-Pjpendi - 
4;‘4-diphenyI-5-methyI-3-hexanone (1) (the piperidyl analogue of Eotmdona 
has been synthesised by a route involving the preparation of a m 
PhoC(CN).CHMe.CH.NC 5 H,o (11) as an intermediate. The - 

the nitrile (11) was confirmed by exhaustive methylation and 
of the product, while work is proceeding with a view to isolating ot 
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of (D v.bich may have been fonned in. the synthesis. The piperidyl analo^c 
of ® aSr preyed shosved the smallest degree of undesirable side- 
acbons of any of the active analgesic drugs yet studied. ^ 

effects in acute animal toxicity experiments as amidone or uoamidone, drath 
m all cases resulting from acute cardiac failure; aU these compounds differed 
from morphine since they were more toxic upon rapid intras'enous injection. 
In man “piperidyl isoamidone” (1) in doses of 12-5 mg. produced no appre- 
ciable side-actions. After a 25mg. dose some of the volunteers descnbed a 
sensation of warmth, were flushed and sUghfly dizzj', although the si-m^ms 
were less pronounced than those observed with other analgesic drugs. There 
was no significant effect upon the cardio-vascular system. Thfe drug pro- 
duced analgesia similar in duration to that of amidone, and showed suffi- 
cient promise to w arrant extensive examination and clinical trials, particularlj 
in obstetrics. Recent, work has produced a nitrile, isomeric ssith (II), which 
yielded 6-piperidino-4:4-diphenyI-3-heptanone; preliminary results on tins 
compound using young rats indicated that this ketone was approximately 
twice as active as morphine analgesically, yet only equal to it as a respiratory 
depressant. K. E. s. 


Curare and Erythroidine Alkaloids, a Biological Method for Determina- 
tion of. E. P. P 1 c k and G. V. R 1 c h a r d s. {Proc. Soc. exp. Biol., N.Y., 
1949, 67, 329.) Groups of 5 to 10 w-hite mice, weighing 18 to 20 g. each, 
are injected subcutaneously with 0-5 rag. of morphine sulphate. Restlessness 
and the ty’pical tail reflex occur generally within 5 to 10 minutes and persist 
for 2 hours or more. Curare and erythrma preparations, dissolved in 0-SS 
per cent sodium chlonde solution, are injected intraperitoneally in a volume 
not exceeding 0-5 ml. into animals exhibiting the typical morphine reaction. 
A positive effect appears within 5 to 10 minutes and is characterised by 
disappearance of the excitement phenomena and relaxation of the tails. This 
penod lasts usually for 10 to 25 mmutes and is followed by a gradual re- 
appearance of restlessness and tail phenomena. The median effective dose 
and standard error for crystalline d-tubocurarine chloride is 2-8= 0-2 ftg.. 
for Strychnos curare 24-0 ±: 2-0 ug., for dihydro-p-ery throidine bromide 
■44 0 r 3-0 ug.„ and for intocostrin 20-0 = 2-0 milliunits. Much higher 
doses of other drugs, including quaternary alkaloids, are necessary to ant- 
agonise the effect of small amounts of morphine in mice. Myanesin” in doses 
of 8 mg. per mouse, despite its curare-like action on the striated muscles, is 
not able to depress the tad reflex m morphioised mice. s. L. v/. 


Cnrarising and Anfi-ciirariring Action, Prolongation of. H. I, Chase 
B. K. B h a 1 1 a c h a r y a and J. L S c h m i d L (/. Pharmacol., 1949 95 
95 ) Measurable curare action has been demonstrated in rabbits by’ the 
"head-drop” assay method to be present 48 hours after the subcutaneous 
injection of a suspension contaimng 30 mg. (200 units)/ml. of d-tubocuiarine 
chlonde m a peanut od and 4-S per cent, beeswax vehicle. Suspension of 
neosUgmine in the vehicle faded significantly to prolong the action of 
neosti^me. The duration of the anti-curare effect of neostiondS Lf 
venously and subcutaneously, when measured in rabbits corresDOEds clns^lv 

occurred followinc a dose of "> ma Ike and antagomsm to curare 

or - mg./kg. and the duration of this action for 1 2 
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was shown that the pellets implanted subcutaneously are absorbed as slowly 
as fat-soluble hormones. The dose used in the implant varied from 20-0 
to 92-7 LU./kg. of body weight, e.vcept in one case in which 450 units were 
given. The calculation of a daily absorption of 1 per cent, was confirmed 
in these cases, which assures a maximum duration of activity of the implant 
of about 100 days. Massive absorption has never taken place and there is 
therefore no danger of hj'p®sb’csmic shock. Protamine zinc insulin alone is 
absorbed as slowly as the cholesterol complex, so that even if the pellets 
were to break there would be no risk. This method of administering insulin 
not only abolishes injections but may achieve better results since the con- 
tinuous action of the implant imitates the effect of an artificial endocrine 
pancreas. ^ 

Iron Therapy of Ana:mia, Intravenous. J. A. Nissim and J. M. 
Robson. {Lancet, 1949, 256, 326.) Saccharated iron oxide was prepared 
from the following analytical grade reagents; ferric chloride hexahydrate, 
anhydrous sodium carbonate, sodium hydroxide and sucrose. It was found 
that there was a linear relationship between toxicity and the effect of heating, 
as measured by the physical characteristics of the substance produced, thus 
mating it possible to select the best samples' for intravenous injection. The 
best sample was foimd to have LD50 300 mg. or 15 ml./kg. of a 2 per cent, 
solution, as compared with the 180 mg. or 9 ml./kg. of the original sample 
reported on. This new preparation has been repeatedly given intravenously 
to several patients in doses of 300 mg. of elemental iron without toxic 
reaction, and it is possible that even larger doses might be tolerated. Com- 
pounds of iron with glucose or fructose instead of sucrose were found to 
form much more easily and require less heat for their preparation, but they 
were also more toxic, having an LD50 of about 150 mg. or 7'5 ml./kg. in 
mice. Samples prepared according to the method described by Stack and 
Wilkinson invariably precipitated on autoclaving, probably due to the forma- 
tion of ferric glucosate. True saccharated iron oxide is much more resistant 
to heat and shows hardly any breakdown when autoclaved. 

s. L. w 


Iron Therapy, Intravenous. G. H e m m e 1 e r. {Acta med. scand., 
1949, 132, 364.) Iron given by intravenous injection has a much greater 
erythropoietic action than when given by mouth. Moreover iron may be 
administered in this manner with advantage to patients who are intolerant of 
iron by mouth or m whom there is faulty absorption of iron. Ferrous or 
ferric salts are not well tolerated by injection owing to the fact that the 
iron is present in the ionised form. If, on the other hand, the medicament 
IS given in the form of a complex salt in which the iron is only slowly 
ionised in the system after injection secondary effects are less liable to 
occur. A non-ionised preparation which meets this requirement, namely 
the sodium salt of ferri-di-fav-dioxy-Zl^-dimethyl) butyrate, has been success- 
miiy used by the author in the treatment of iron-deficiency anaemia The 
inerapeutic dose of this preparation is well below the dose which is likelv 
cures' effects, and a dose of 40 mg. daily is weU tolerated and 
Intrav ™ ® 5 ''^re cases of iron-deficiency ansmia within 3 or 4 weeks 
Intravenous iron therapy should not be used except in patients suffering 
If experiments shmv tha^t iron in exS 

sloJXTSr^Jdtler^"" ^^ted Si 

S. L. W. 
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N-Methyloxyacanthine Iodide, Cnrariform Activity of. D. F. Marsh, 
D. A. Herring and C. K. Sleeth (/. Pharmacol, 1949, 95, 100.) 
Oxyacanthine, isolated from Berberis vulgaris, has many structural compo- 
nents found in £/-tubocurarine. A comparison of the pharmacolo-ical activity 
of its quaternary derivative, N-methyloxyacanthine iodide, in rats, rabbits, 
dogs and man, with that of <f-tubocurarine chloride shows that it is one-half 
to three fourths as active as paralysing agent. It differs however in that it 
possesses a weak atropine-hke action. In trained dogs, paralysing doses of 
<f-tubocurarine chloride produce copious salivation, but paralysing doses of 
N-methyloxyacanthine iodide produce no saUvation. A similar effect occurs 
in man; during experiments with N-methyloxyacanthine, subjects experienced 
a dryness of the mouth which persisted for several hours after the experiment 
had terminated. s. l. w. 

Myanesin in the Treatment of Tetanus. M. H. A. Davison, 
A. B. Ward and E. A. Pask. {Brit. med. J., 1949, 1, 616.) Haemo- 
globinuria following the use of myanesin in tetanus has been reported in 
about 20 cases. Two cases are described. The first patient was treated 
mainly by sedatives and ^i-tubocurarine chloride and received 58 ml. of 
myanesin intravenously over a period of 60 hours. He recovered and 
had no htemoglobinuria. The second, a much more severe case, was treated 
solely with myanesin, which efficiently controlled the spasms until haemo- 
globinuria developed, after 265 ml. had been given, in 26^ hours. The 
myanesin was then discontinued; sedatives were given but were ineffective 
and the patient died 2 hours later. During these two hours haemoglobinuria 
almost disappeared, and the kidneys were normal to the maked eye and on 
section. This supports the view that haemoglobinuria may be temporary 
and might perhaps be disregarded. These cases indicate not only that 
myanesin acts efficiently in controlling t,he spasms of tetanus, without para- 
lysing the muscles of respiration, but that its use in massive doses will bear 
further investigation. Tolerance did not develop, which was in marked 
contrast to the reaction of the first case to sedative drugs. s. L. w. 

Thiourea in the Treatment of Thyrotoxicosis. G. T. Kent, R. A. 
Shipley and K. D. Rundell. (Amer. J. med. Sci., 1949, 217, 627.) 

A series of cases of thyrotoxicosis were treated with daily doses of 0-1 to 
0-3 g. of propylthiouracil or with thiourea in a similar dosage. The latter 
usually received also 15 minims daily of Lugol’s solution of iodine. The 
clinical efficacy of the two substances was found to be of similar magnitude 
but thiourea was inferior to propylthiouracil in that it gave a higher inci- 
dence of side reactions, chiefly fever, which occurred in 16 per cent, of 
cases. The relapse rate in 27 patients, treated for from 3 months to 2 
years before the drug was withheld, was 77 per cent. h. t. b. 
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NEW REMEDIES 

The asterisk (*) after the name of an article indieates that the information 
given IS derived from the makers’ publications. Further information regarding 
these arttclcs may be obtained by application to the Editor. 

DiparcoF is a proprietary brand of diethazine hydrochloride or /?-diethyl- 
aminoethyl-N-phenthiazine hydrochloride, a pinkish-white crystalline powder, 
almost odourless and having a bitter, numbing taste. M.pt. 175°C.; soluble 
1 in 10 in water at 25°C., in ethyl alcohol and in chloroform, but insoluble in 
ether. It is rapidly absorbed from the gastro-intestinal tract and is especially 
indicated in Parkinson’s syndrome. It acts mainly upon hypertonia, treat- 
ment leading to disappearance of rigidity; tremor is reduced, and cramps and 
parassthesia relieved. Treatment is started with from 2 to 5 0-05 g. tablets 
every 4 to 5 days until the most effective dosage is reached. Full improve- 
ment usually appears after 6 to 10 weeks of treatment. Untoward reactions 
include mental confusion, sometimes with nausea and vomiting, somnolence 
and occasionally exacerbation of symptoms. Diparcol is issued in sugar- 
coated tablets containing 0-05 and 0-25 g. in bottles of 100 and 500, and in 
5 ml. ampoules. s. l. w. 


Dlsecron* is a compound solution containing 2-5 mg. of oestradioi mono- 
benzoate and 12-5 mg. of progesterone in 1 ml. of ethyl oleate, for intra- 
muscular injection. It is indicated in the treatment of certain forms of 
secondary an$mia, the most satisfactory result being obtained in cases of less 
than 2 years’ duration. It it most likely to be successful in secondary 
amenorrhma of the emotional and environmental type. One injection is 
given intramuscularly on each of 2 consecutive days, succeeding 2-day 
courses being repeated at 28-day intervals. It is issued in boxes of 2, 10 
and 25 ampoules each containing 1 ml., and in vials of 10 ml. s. L. w. 


GIuco-Thricil* is a combination of ephedrine 1 per cent, and tyrothricin 
1 in 5000 in an isotonic dextrose solution containing cetyltrimethylammon- 
ium acetate as a solubilising and stabilising agent. It is indicated for the 
relief of nasal congestion in conditions such as the common cold, acute 
catarrhal rhinitis, allergic rhinitis and acute rhino-sinusitis. Tyrothricin is 
bactericidal for many Gram-positive organisms, including those commorfy 
•found in nasal secretions, and is bacteriostatic to certain Gram-negative 
organisms. Being isotonic with nasal secretions, it does not interfere with 
ciliary action and does not cause irritation or stinging. It is supplied in 1 
fl.oz. bottles, with dropper. s, L. W- 


Neo-Oefon* is a proprietary brand of /joamylaminomethylheptene hydro- 
chloride, a synthetic antispasmodic wth low toxicity and freedom from side- 
effects. It is indicated in conditions in which it is desired to relieve spasm 
of the smooth musculature, e.g., spastic conditions of the gastro-intestina^I 
tract, ureter and bladder, dysmenorrhoea and biliary colic. Orally. 1 or _ 
tablets (0 05 to 0-1 g.), or 10 to 20 drops of 5 per cent, solution, are given 
twice or three times daily; parenterally, 0-5 to 1 ml. (0 025 to 0-05 g.) is given 
twice or three times daily subcutaneously, intramuscularly, or if 
intravenously. Neo-Octon is issued in tubes of 10 or bottles of 100 and 
500 tablets; in bottle of 10 ml. and 100 ml. of a 5 per cent, solution; and in 
boxes of 6 and 30 ampoules. 
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THE CARDIOACTIVE GLYCOSIDES 
By Arthur Stoll 
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Introduction 

The impressive description given by William Withering in 1785 oi the 
action of diritalis leaves upon the failing heart resulted in such a funda- 
mental advance in the treatment of cardiac diseases that, even to-day, 
therapeutic measures are still based upon the experiences he recorded. 

In the inters'ening period, however, it has been possible to adapt the 
methods of treatment better to the various diseases of the heart and 
circulation than was originally the case. 

Since the time of Withering there has been introduced into therapy 
a whole series of cardioactive drugs fundamentally similar in effect to the 
lea\es of Digitalis purpurea, but diffenng, for example, in their rapiditj 
and duration of action. 

The chemical investigation of the drugs from which the cardioactive 
glycosides are obtained also dates back to the middle of the 19th century'. 
Particularly in the last two decades, however, it has made such rapid 
strides that to-day the constitution of practically every' important cardiac 
glycoside is know'n, including the details of its steric configuration. 

In this article, an attempt wfil be made to characterise the more 
important cardiac glycosides but without pursumg the long trail which 
led to their isolation and to the elucidation of their chemical constitu- 
tions. The main difference between modem processes of isolation and 
the earlier methods employed lies in the fact that account is now taken 
of the great sensitivity' of cardiac glycosides to high temperatures, to 
acids or alkalis, and to enzymatic cleavage, etc. Not only digitoxin but aU 
the other cardiac glycosides known prior to 1930, with the exception of 
ouabain and sciHaren A, are in fact, artificial products arising as the 
result of enzy'matic cleavage from substances of a higher sugar content 
on^ally present in the plant This reveals one reason for the difference 
m action repeatedly observed by physicians between the use of the older 
pure substances on the one hand and of the crude drugs on the other. 


The Sugars of the Cardioactix'e Glycdsides 

One of the mam characteristics of glycosides is the fact that thev 
contain one or more sugar residues. In the cardiac elvcosides the 
follow'ing sugars have so far been discovered. 

CHO CHO CHO CHO CHO 


-OCH, 


H,CO- 


CHjOH 

D-Glucose 


CH, 

L-Thevetose 


CH, 

L-Rhamnose 
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NEW REMEDIES 

The asiciisk {*) after the name of an article indicates that the information 
given is derived from The makers’ publications. Further information regarding 
these articles may be obtained by application to the Editor. 

DiparcoF is a proprietary brand of diethazine hydrochloride or /3-diethyI- 
amincethyl-N-phenthiazine hydrochloride, a pinkish-white crystalline powder, 
almost odourless and having a bitter, numbing taste. M.pt. 175°C.; soluble 
1 in 10 in water at 25°C., in ethyl alcohol and in chloroform, but insoluble in 
ether. It is rapidly absorbed from the gastro-intestinal tract and is especially 
indicated in Parkinson’s syndrome. It acts mainly upon hypertonia, treat- 
ment leading to disappearance of rigidity; tremor is reduced, and cramps and 
parffisthesia relieved. Treatment is started with from 2 to 5 0-05 g. tablets 
every 4 to 5 days until the most effective dosage is reached. Full improve- 
ment usually appears after 6 to 10 weeks of treatment. Untoward reactions 
include mental confusion, sometimes with nausea and vomiting, somnolence 
and occasionally exacerbation of symptoms. Diparcol is issued in sugar- 
coated tablets containing 0-05 and 0-25 g. in bottles of 100 and 500, and in 
5 ml. ampoules. s. l. v\'. 

Disecron* is a compound solution containing 2-5 mg. of oestradiol mono- 
benzoate and 12-5 mg. of progesterone in 1 ml. of ethyl oleate, for intra- 
muscular injection. It is indicated in the treatment of certain forms of 
secondary anaemia, the most satisfactory result being obtained in cases of less 
than 2 years’ duration. It it most likely to be successful in secondary 
amenorrhoea of the emotional and environmental type. One injection is 
given intramuscularly on each of 2 consecutive days, succeeding 2-day 
courses being repeated at 28-day intervals. It is issued in boxes of 2, 10 
and 25 ampoules each containing 1 ml., and in vials of 10 ml. s. l. w. 

Glnco-Thricil* is a combination of ephedrine 1 per cent, and tyrothricin 
1 in 5000 in an isotonic dextrose solution containing cetyltrimethylammon- 
ium acetate as a solubilising and stabilising agent. It is indicated for the 
relief of nasal congestion in conditions such as the common cold, acute 
catarrhal rhinitis, allergic rhinitis and acute rhino-sinusitis. Tyrothricin is 
bactericidal for many Gram-positive organisms, including those commonly 
'found in nasal secretions, and is bacteriostatic to certain Gram-negative 
organisms. Being isotonic with nasal secretions, it does not interfere with 
ciliary action and does not cause irritation or stinging. It is supplied in 1 
fl.oz. bottles, with dropper. s. l. w. 

Neo-Octon* is a proprietary brand of /joamylaminomethylheptene hydro- 
chloride, a synthetic antispasmodic with low toxicity and freedom from side- 
effects. It is indicated in conditions in which it is desired to relieve spasm 
of the smooth musculature, e.g., spastic conditions of the gastro-intestina^l 
tract, ureter and bladder, dysmenorrhoea and biliary colic. Orally. 1 or - 
tablets (0-05 to 0-1 g.), or 10 to 20 drops of 5 per cent, solution, are given 
twice or three times daily; parenterally, 0-5 to 1 ml. (0-025 to 0-05 g.) is gn en 
twice or three times daily subcutaneously, intramuscularly, or “ 
intravenously. Neo-Octon is issued in tubes of 10 or bottles of un 
500 tablets; in bottle of 10 ml. and 100 ml. of a 5 per cent. solution;^an^ 
boxes of 6 and 30 ampoules. 
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D-Gulotneth3'lose 


CHs CH, CH, 

L-Oleandrose R== H: o-Digitoxose o-Diginose 
R = CH,: D-Cymarose 


CH, 

D-Sarmentose ' 


Apart from D-glucose, they are all desoxysugars, i.e., they contain 
1 or 2 oxygen atoms fewer than the corresponding carbohydrate with 6 
C atoms. While D-glucose and L-rhawnose are fairly widely distributed, 
the remaining sugars have so far been found only as components of 
cardiac glycosides. 

For the sake of completion, we have also given the formulte for 
L-oleandrose and D-diginose, although the glycosides derived from these 
sugars will not be discussed. The chemistry of the oleander glycosides has 
been known for a long time and has been described in a number of 
comprehensive publications. Di^ose is the sugar obtained from the 
non-cardioactive diginin, a glycoside obtained from the leaves of 2). pur- 
purea, which would be out of place in this article. The constitutions and 
configurations of both these sugars have been confirmed by ^nthesis’’®. 

The sugar residue which, in the cardiac glycosides, may consist of a 
chain of up to 4 sugar molecules, is responsible for the water solubili^ 
of the glycoside on the one hand and, on the other, for its power of 
fixation to the heart muscle. 


The Steroid Structure of the Aglycones 


The aglycones of the cardiac glycosides possess much more complicated 
structures than the sugar components. These genins are the real carriers 
of the specific action even though, on account of their insolubility in 
water and their low power of fixation to the heart muscle, they are of 
no importance therapeutically. In structure they are very closely related 
to the steroids and they belong to this same large class of substances 
which also includes the sterols, the bile acids, the sex hormones, the 
hormones of the suprarenal cortex and vitamin D. 

Our own investigations on the cardiac glycosides began more than 25 
years ago with squill, a cardioactive drug from the Mediterranean coun- 
tries which was used as a remedy for dropsy by the ancient Egyptians. 
Since we began, our studies, we have isolated and thoroughly investi- 
gated the main glycoside of squill, scillaren A®-". Our investigations are 
being continued on a number of other glycosides which accompany 
laren A in squill, but which are present only in very small quanUties. 
They are also cardioactive and sonic of them are veiy beautifully 


crystalline. 

In connection \vith scillaren A, a brief description 
simplest chemical conversion of this cardioactive 


will be given of the 
elycoside, or of its 
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by this degradation. Wieland® has demonstrated that the same lactone 
ring is also present in the toad poisons. 

In the structural formula of sciUaren A, deduced from the conversion 
of anhydroscillaridin A into alJocholanic acid, the position of the sugar 
molecule and of one of the neighbouring double bonds remained uncert- 
ain. The determination of the position of the sugar residue was made 
more difficult by the fact that when the sugar is split olf from scillaren A 
the hydroxyl group to which it is attached is lost at the same time and a 
new double bond is formed. The point of attachment of the sugar chain 
which is buDt up from rhamnose and glucose and is known as scillabiose, 
was at first assumed to be position 5 . It was possible”, however, to 
establish with certainty that the sugar is attached to the hydroxyl group 
at C3. In principle, the method was the same as that which led to the 
conversion of anhydroscillaridin A into aUocholanic acid, the only 
difference being that the sequence of the reactions was altered, the 
hydrolysis not being performed until after the catalytic hydrogenation 
so that the hydroxyl group at C3 was retained. In this way, it was 
possible to show that the acid obtained from scillaren A is identical with 
epi-aUo'lithocholic acid ( 3 fj-hydroxy-allocholanic acid), prepared by the 
method of Wieland’’ from hyodeoxycholic acid, and, at the same time, 
to obtain proof that the hydroxyl group at C3 carrying the sugar molecule 
bears the cis-configuration with respect to the methyl group at Cio. 

In order to explain the fact that, in contrast to other rhamnosides, the 
sugar in scillaren A splits off easily with the formation of a conjugated 
system of double bonds, there must be a double bond in the neighbour- 
hood of the hydroxyl group carrying the sugar. Hence, it follows that, 
by analogy with other unsaturated sterols, this ethylene linkage must be 
situated at A”'®. The formulte of scillaridin A and anhydroscillaridin A 
corresponding to these conclusions are as follows : 


/\ 

\ 




\ 

CO 



IV. 



Although all the cardiac glycosides behave for the most part m a 
similar manner in their action on the heart, they exhibit 
differences which depend upon relatively small variations in me cnem.w 
structure. The following example illustrates how far the introduction 
of new groups results in changes in the type of action. 

While rodents, particularly rats, are relatively speaking not yeiy 
tive to glycosides of white squill and can tolerate 
doses, they show an unusual sensitivity to one of the acfive P" P 
of red squill. The red variety of squill contains a glycoside relate 
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scfflaKn A, scillirosid. which has only been prepared in a pure crystalline 
state and chemically identified in the last few years^®' . 



OH 
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CO 
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Constitutional formula: of scillaren A and scillirosid 


Scillirosid, like scillaren A, has a sugar residue in position 3, although 
this consists only of glucose. On the other hand, it contains, in addition, 
a hydroxyl group, probably in position 12, as well as a double bond 
which is very difficult to hydrogenate and a characteristic acetyl group 
on the lactone ring. This acetyl group is very likely responsible for the 
specific toxic action in rodents. OT to 0-2 mg. of scillirosid given with 
the food is sufficient to kill an adult rat, while the same animal could 
tolerate 200 times this amount of the closely related scillaren A without 
harm. 

A glycoside with a 6-membered lactone ring has also been discovered 
in a species of the Ranunculaceae. Karrer'® isolated from the rhizome of 
Helleborus niger, the Christmas rose, a glycoside, hellebrin, with a 
powerful cardiac action. To this compound, he attributed the following 
formula VI with an aldehyde group at Cio and the 8-lactone ring with 
two double bonds characteristic of scillaridin^. 


GlucosC'0-R,-0 



“ Glucose. R. =5= H 
MI R, = Rhamnose’ R- = OH 
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Reichstein and his co-workers“-^=, wiio demonstrated beyond doubt 
the presence of the aldehyde group, suggested formula VII. They 
found that hellebrin was decomposed by strophanthobiase to a mono- 
saccharide, desglucohellebrin. On cleavage by the method of Mannich, 
this yields L-rhamnose and two isomeric genins, which have not yet been 
further investigated. In this case, too, it is possible that the sugar chain 
is present in the form of scillabiose. 

The aglycones of the cardioactive glycosides of the digitalis type 
and of strophanthus and certain other plants have a simple unsaturated 
5-membered lactone ring in place of the 6-membered lactone ring with 2 
double bonds present in scillaren A, scillirosid. hellebrin and the toad 
poisons. The remaining differences are connected with the peripheral 
structure of the molecule and depend upon the number and arrangement 
of the hydroxyl groups. Strophanthidin, the aglycone of k-strophanthin, 
like the aglycone of hellebrin, possesses the particular feature of an 
aldehyde group at Qo, whereas the other aglycones have a methyl group. 

The reasoning which led to the above experimental proofs of the fine 
structure of the cardiac glycosides, was based upon the comprehensive 
knowledge which had been derived from the investigadons into the 
steroids, and which, only about 1^- decades ago, enabled the previously 
very incomplete conceptions of the chemical structure of the heart 
glycosides to be clarified. 

Attempted Syntheses 

That attempts to synthesise cardiac glycosides would soon follow and 
would lead to some interesting partial successes was to be expected. 
Thus Elderfield^® and his co-workers, on the one hand, and Ruzicka'" 
and co-workers on the other, starting from simple sterol deriva- 
tives and employing the Reformatsky reaction with bromacetic 
ester, succeeded in building up the 5-membered lactone ring char- 
acteristic of many aglycones. These experiments also showed that the 
previous assumption of a double bond in the P,v-position to the carbonyl 
group of the lactone ring was incorrect and had to be replaced by a formu- 
lation in the a.p-position. 

In all the structural formulas given here, this alteration is already 
taken into account. The lactone ring was assumed by Jacobs and his 
co-workers to be p.v-unsaturated, i.e., aldoenol lactone, since this position 
of the double bond appeared to agree particularly well with its reactions, 
and because, in particular, this structure was claimed to give the best 

HC CH. 

I I 

HjC-C CO 

vin. 

explanation for the colour reaction with sodium nitroprusside, ^he so- 
called Legal tesP^ It had, however, already been observed at that 
time that, on catalytic hydrogenation, the aglycones were not reduced to 
saturated deoxycarboxylic acids like other enol lactones, e.g., <j-ange ica 
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lactone'® (Vni) or scillaren A-®, but that they took up only two atoms 
of hydrogen and that the double bond was reduced without opening of the 

lactone ring. . 

Moreover the aglycones with 5 -membered lactone rings do not add on 
bromine on titration by Winkler’s method*®. That all aglycones so far 
investigated do. in fact, contain an a,p-unsaturated lactone ring, was shown 
by a thorough comparison with simple synthetic lactones and with 
lactones derived from steroids in which the position of the double bond 
had been established beyond question*®. These comparisons concerned 
principally the behaviour of the lactone ring on cleavage with aqueous 
and with alcoholic alkali, the ultra-violet absorption and the colour 
reaction with potassium ferricyanide. The synthetic steroid lactones so 
far obtainable do not contain all the structural features of the natural 
cardiac aglycones. It was comparatively easy to prepare substances 
with a secondary hydroxyl group at C3 and having the 5 -membered 
lactone ring at Qt in the correct position. The introduction of the tertiary 
hydroxyl poup at C14 has likewise been successfully achieved®*. The 
synthesis of compounds which possess the configuration of the natural 
substances, both at and at Cu, is being worked out. 


The Contiguration of the Aglycones 


This brings us to a further problem, the solution of which has received 
particular attention in the last few years, namely the configuration of the 
individual linkages in the aglycones. By precise evaluation of X-ray 
photopaphs, Bernal and Crowfoot®® have shown that the natural steroids 
must possess a flat, relatively elongated molecule. 

This necessitates that rings B and C should be imited in the trans- 
configuration, both in the cholanic (IX) and in the aUocholanic (X) series, 
which differ from one another in the configuration of C5. 


R 


/ 

C \ D 


/\/\/ 



IX. 



The allocation of the aglycones of the cardiac glycosides to the cholanic 
series follows from the degradation of, for example, digitoxiaenin to retio- 
chotoic acid. This depadation. as well as the numerous conversions 
which elucidated the connections betn-een the individual aalycones shows 
that the configuration of the asymmetric C-atoms 8, 9, 10, 13 knd 17 
^ose substances is the same as that present in the bile acids We 
shaU, therefore, discuss the steric relationships for those positions where 
particular isomensms can occur. The tivo possible positions for subS! 

hv ^toms in the steroid skeleton will be denoted 

by the Greek letters a or p and indicated in the usual manner L SS 
or by valency line,. As p„i„, reSL™ 
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position 10 will be selected and substituents which bear a c/j-configuration 
with respect to the methyl group at this point will be defined as 
P-onentated. 


The proof that epimerism occurs at C3 based on the fact that 
cholesterol, for example, is precipitated by digitonin while certain deriva- 
tives are not, has been known for a long time. It has recently been 
shown, however, that not all 3p-hydroxysteroids are precipitated by 
digitonin, but that the precipitation can be prevented by certain sub- 
stituents at other positions in the molecule. Thus, the aglycones of the 
cardioactive glycosides are themselves not precipitated by digitonin, and 
hence the configuration at C3 had to be proved by chemical degradation 
in the manner shown above for scillaren A®. Hunziker and Reichstein-^ 
obtained epi-astiolithocholic acid (SP-hydroxystiocholanic acid, XII) 
from digitoxigenin (XI). The p-configuration of the 3-hydroxyl group 



is also found in sarmentogenin®* and in gitoxigenin, which has been 
shown, by a series of reactions which do not affect the configuration at 
C3 to be related to digitoxigenin^®. Uzarigenin-® likewise possesses a 
P-orientated 3-hydroxyl group, since its anhydro derivative gives a pre- 
cipitate with digitonin. The opposite configuration at C3 is found in 
digoxigeiiin^' as has been shown by degradation to the corresponding 
12-epi-astiodeoxycholic acid. 

Strophanthidin and periplogenin must possess the same configuration at 
aU asymmetric cehtres, since they can be transformed into identical deriv- 
atives by methods which do not affect the steric structure-®. The 
hydroxyl groups at C, and Q must bear a m-configuration to one 
another, because they can be esterified by thionyl chloride with the forma- 
tion of a neutral sulphite-". The p-configuration of the two hydroxyl 
groups follows from the ring closure between the aldehyde group at Cjn 
and the 3-hydroxyl group in the anhydro-strophanthidin derivatives . 
and from the fact that, if a carboxyl is added to the aldehyde group by 
cyanhydrin synthesis, lactone formation takes place with the 5-hydroxyi 
aroup”. The substituent at C, therefore has the same --"fit'"™ non as 
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the hydrogen atom in the other aglycones, and hence strophanthidin and 
periplogeSn also belong to the cholanic series. Only uzanpmn possesses 
the allocholanic configuration, since it is degraded to astio-allocholanic 

acid {Xni)®^ , j. • • 

The above-mentioned degradation of digoxigenm (XIV) to 12-epi- 

stiodeoxycholic acid (XV) proves that the 12-hydroxyI group has the 

p-configuration. 
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In scillirosid, the configuration at C 12 must be the same as in digoxi- 
genin since, in certain derivatives of fyo-scillirosid, the presence of an 
oxide ring between CUj and C 12 can be demonstrated, which would 
necessitate that the side-chain and the 12-hydroxyl group should possess 
the cis-configuration^^. 

The 14-hydroxyl group which is common to all the aglycones of the 
cardiac glycosides must be formulated as p-orientated, since the oxide 
ring between Ci^ and Cai in the irocompounds of the aglycones can only 
be formed when the hydroxyl groups and the lactone side-chains possess 
the cis-configuration. 



That the isomerisation of the aglycones by alkahs takes place without 
change of configuration at Qt, is proved by the degradation of disi- 
toxigenin via tio-digitoxigenin (XVI) to aetiocholanic add®^ and by deara- 
dation of anhydro-uzarigenin to allo-tetiocholanic acid^^. Both acids 
possess p-orientated carboxyl groups. It may be mentioned here that 
Reichstein and his co-workers have demonstrated the p-configuration 
of the 14-hydroxyl groups in periplogenin^= and in digitoHgenin^*! by 
another method, namely, by oxidative degradation to a 20-keto-21 -^14- 
lactone. Hence, in the cardiac aglycones, rings C and D are joined in the 
cis-position, m contrast to the bile acids and the steroids. For the 
d5-union of rings C and D Reichstein^' has proposed the term 14-fso 
Ruzicka the term 14-allo^‘. 


Under the mfluence of one of the enzymes found in strophanthus seeds 
he glycoside cymarm undergoes a peculiar rearrangement- resStS iii 
the formation of an isomenc physiologically inactive glycoside wltich 
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Jacobs and his co-workers have named allocymarin. On hydrolysis with 
acids, this yields allo-strophanthidin which is not isomerised by alkalis, 
but possesses the same functional groups as strophanthidin and musL 
therefore, be stereoisomeric with it. The systematic removal of the 
asymme^ at the oxygen-substituted asymmetric centres does not lead 
to identical derivatives from strophanthidin and allo-strophanthidin^‘>. 
It must, therefore, be assumed that a change of configuration at Cir 
occurs on allomerisation. Thus, the side-chain takes up a //■uns-configura- 
tion with respect to the 14-hydroxyl group and isomerisation with the 
formation of an oxide ring can no longer take place. Periplocymarin 
(periplogenin-cymarosid) can also be allomerised by means of enzymes*^. 
Reichstein^® has shown that alloperiplogenin (XVIII) differs from peri- 
plogenin (XVII) only in the configuration at C 17 , i.e., the allo-linkage 
carries an a-orientated side-chain. This may also be assumed to be the 
case for allo-strophanthidin. 



XVII. XVIII. 


In the last few years, the introduction of simple sugars into natural 
aglycones and into synthetically prepared steroid lactones has been 
successfully accomplished, so that a whole series of partially synthetic 
glycosides are now available*^’*^''*''’'*’. In addition, it has been shown 
that, in pharmacological experiments, synthetic substances obtained from 
natural aglycones by introduction of sugar residues often exhibit a high 
activity which, in certain cases, exceeds that of the natural glycosides. 
Up till now, however, no clinical results are available relating to the 
therapeutic activity and utility of these compounds. In the case of sub- 
stances with synthetic lactone rings, the activity, although detectable, 
was only very slight. They lack certain structural features necessary for 
a high activity, such as, above all, certain steric relationships. This 
would almost seem to justify the old contention that Nature, in many 
cases, provides the physician with the remedy in its optimum form. In 
this connection, the extremely favourable properties of penicillin may 
be recalled. 

The Sugar Components of the Genuine Glycosides 
The close relationship which the various cardiac glycosides bear to 
one another is also manifest with regard to the position and composition 
of the sugar residue. In all the cardiac glycosides so far examined, ms 
occupies the 3 -position, where the aglycone is usually united with a 
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desoxy-su 2 ar. This, in some cases, may in turn be combined with 
further desoxy-sugars and finally with 1 to 2 molecules of glucose. The 
glucose is readily split off by enzyme action and. for this reason, as 
already mentioned, the previously isolated glycosides such as digitoxm 
and <ntoxin, or even digoxin from Digitalis lanata, lacked the terminal 
ducore. whereas, in the genuine glycosides obtained by excluding enzyme 
Iction, the glucose is present. The simplest example of a genume cardiac 
glycoside is once more provided by scillaren A the composition of 
which is depicted schematically in the following diagram : 

Scillaren A 


/ \\y \ \J 




\ scillabiose 

O— rhamnose-/i„ D-glucose 

scillaren A 
XIX. 


The sugar residue is situated at Cj and is composed of rhamnose and 
glucose. Acids break the linkage with the aglycone and split off 
scillabiose^’*, while scillarenase, an enzyme accompanying the glycoside 
in squill, breaks the linkage between rhamnose and glucose*®. Thus, by 
means of this enzyme, and only in this way, a step-wise degradation may 
be carried out and the intermediate product proscillaridin A, a beautifully 
crystalline glycoside, obtained. Proscillaridin A has too low a solubiliU' 
for therapeutic purposes, the only sugar present being rhamnose. 

In the case of the genuine cardiac glycosides of the digitalis type, the 
conditions are somewhat more complicated. We had already leamt in 
our experiments with squill to prevent the action of the enzyme respon- 
sible for splitting off glucose. When we applied this process to the 
extracts of the glycosides of Digitalis purpurea, we obtained, instead of 
the already well-known crystalline ^ycosides digitoxin and gitoxin, 
amorphous but likewise very' active products. The failure to crystallise 
was a great obstacle to the complete purification and identification of 
the genuine glycosides of D. purpurea. Only after we had first obtained 
experience with the glycosides of D. lanata.'' were we able to complete 
the investigations of the purpurea glycosides*®. From D. lanata, by a 
process excluding enzymatic action, it was possible to obtain a crystalline 
glycosidal preparation which soon proved to be a mixture of 3 very' 
differm isomorphous glycosides which we designated digilanid A did- 
lamd B and digilanid C. ’ 


The marked differences in the distribution of the individual compc 
nents between chloroform and aqueous methyl alcohol enabled the toti 
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digilanid preparation to be resolved into the homogeneous components 
y repeated systematic partition between the two solvents. Separation 
of the components by fractional ciystaUisation is rendered very difficult 
by the isomorphous nature of the crystals. 

The space at our disposal is not sufficient for a detailed description 
of the three digilamds A, B and Q and the products of their step-wise 
egradation. We shall, therefore, confine ourselves to digilanid A 
Analogous conditions exist for digilanids B and C. The sugar chain 
IS identical in all three digilanids. 


Scheme for Digilanid A 



0-digitoxose-digitoxose-acetyldigitoxose-/3, o-glucose 
XX. 


The formula shows the unsaturated lactone ring in position 17 and 2 
hydroxyl groups in positions 3 and 14, the one in position 3 carrying the 
sugar chain. The latter consists of 3 molecules of digitoxose and a 
terminal glucose. The third molecule of digitoxose also carries an acetyl 
group which is characteristic for the digilanids and is responsible for 
the isomorphism. If it is removed, the A and B components lose their 
power of crystallisation^'*. They yield amorphous substances which have 
proved to be identical with the likewise amorphous genuine .glycoside 
of D. purpurea.*^ These, in turn, by en^matic removal of the terminal 
glucose, are converted into digitoxin or gitoxin. Thus the relation- 
ship between the glycosides of D. lanata and D. purpurea is clearly 
shown. The difference between the genuine glycosides of the two plants 
consists therefore in the presence of an acetyl group in the lanata 
glycosides. 

For digilanid C, which has a composition very similar to that of 
digilanid A, there is no corresponding glycoside in D. purpurea. The 
digilanid C-structure has so far been found only in D. lanata and, as 
Mannich'"’ has shown, in D. orientalis, a variety very similar to lanata 
which is found in Asia Minor. 

The best example of the step-wise degradation of a genuine glycoside 
is provided by strophanthin or k-strophanthosid as we designate the 
crystalline active principle of the seeds of Strophanthus kombe. 
Jacobs^ in New York had already isolated in small quantities from this 
drug two crystalline glycosides : cymarin, consisting of the aglyconc 
strophanthidin and cymarose, and k-Strophanthin-p, which contains one 
glucose molecule more than cymarin. The main part of the glycosides 
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isolated from this drug remained amorphous but, in the form of strophan- 
thin, a greatly purified preparation, they 

years. In this connection, the pioneer work of Fraenkel deserves 

special process utilismg the pemcetyl derivative 
(heptacetyl) we have succeeded in converting the main portion of me 
total glycosidal preparation from strophanthus seeds mto a crystelhne 
and pure form and have introduced it into therapy as k-strophanthosid. 
knon-n commercially as “ Strophosid The following scheme shows 
clearly the composition and the step-wise degradation by which all the 
cleavage products could be isolated and characterised. 

K-STROPHANTHOSro 



O-Cymarose-^S, D-glucose-^»,D -glucose 


strophanthobiose 

XXL 


The aglycone, strophanthidin, possesses hydroxyl groups at C3. Cs and 
Qi. At Cij the 5 -membered unsaturated lactone ring is attached and at 
Cio the aldehyde group characteristic of strophanthidin. As in the case 
of the other cardioactive glycosides of the digitalis group, the oxygen atom 
at C3 forms the bridge to the sugar chain, which, in k-strophanthosid. 
consists of cymarose and two molecules of glucose. If the terminal 
glucose is split ofi by enzymatic hydrolysis, k-strophanthin-f» is produced. 
By splitting ofi a further molecule of glucose with the specific enzyme 
strophanthobiase, k-strophanthin-P is converted into cymarin which 
consists only of the aglycone strophanthidin and cymarose. The linkage 
betv,'een the aglycone and the sugar chain is broken by acid. From 
k-strophanthosid, a sugar, strophanthotriose, is obtained which consists 
of one molecule of cymarose, and two molecules of glucose. Cleavage of 
k-strophanthin-f> leads to strophanthobiose, composed of cymarose" and 
glucose. Acid cleavage of cymarin yields the aglycone and cymarose. 

The example of k-strophanthosid enables an exceptionally good insidit 
to be obtained into the fine structure of the glycosidal linkaees"^ and, hence, 
into the nature of the enzymes which are responsible for sugar cleavage 
and are specific for the cardioactive glycosides. As the nature of these 
enzymes was originally unknown, nothing could be said reaardins the 
confipration of the linkages between the sugars. It was found that a 

Z '^-glucosidase of yeast, was capable of splittine 

the linkage betoeen the two glucose residues of k-strophanthosid, so thaL 
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those involved in the glycosidal linkages. This argues against a tertiary 
hydroxyl group at Cj, unless it is assumed that, in ouabain, in contrast to 
other cardiac glycosides, the sugar is attached at this point. By a number 
of rin^ closures, Mannich has provided good evidence for the positions of 
the other hydroxyl groups. As regards the configuration of the asym- 
metric C-atoms to which the oxygens are attached, it can only be said 
that all the hydroxyl groups are c/s-orientated to one another. 

The seeds of Strophanthus sarmentosus contain a mixture of glycosides 
none of which has yet been prepared in its native state, although three 
glycosides, sarmentocymarin®' and sarmentosids A and B®' have so far 
^en obtained after enzymatic removal of glucose. Sarmentocymarin, 
an already well-known glycoside, yields, on acid hydrolysis, sarmento- 
■'genin and the methyl ether of a 2-desoxy-methylpentose, sannentose. 
Although the configuration of this sugar has not yet been established 
with absolute certainty, on page 850 we have assigned to it the configura- 
tion of 2-desoxy-D-idomethylose (2-desoxy-D-gulomethylose). On the 
assumption that sannentose possesses a straight C-chain, this is the only 
possible configuration, since, from each of three of the four pairs of 
isomers theoretically possible, at least one partner is known and sannen- 
tose is neither identical nor enantiomorphous with any of these. The 
structure of sarmentogenin has been established by degradation to 
Sp-lla-diacetoxy-tetiocholanic acid methyl ester®* as that depicted in 
formula XXVII. 

OH 




HO 


XXVJl. 


In the case of sarmentosids A and B only the sugar components are 
known. Sarmentosid A contains L-talomethylose®®, a sugar which had 
not previously been found in a natural product. Sarmentosid B con- 
tains the sugars D-glucose and digitalose®®. A striking feature here is 
that the glucosidal linkage is resistant to the attack of the specific enzyme. 


Cardiac Glycosides of Unofficial Drugs 
Of the remaining drugs which contain cardiac glycosides, only those 
whose active principles have been chemically investigated during the 
last 10 years will be discussed. First of all, mention should be made 
of Convallaria majalis. Convallatoxin, the glycoside contained hs 
leaves and flowers, was isolated and described a long time ago by W. 
Karrer®*. Reichstein and Katz®= were, however, the first to elucidate 
its constitution, using the method of Mannich which hydrolysed it to 
strophanthidin and L-rhamnose. The seeds of C. majalis also contain 
cardiac glycosides. One of these was isolated in a pure state by Schmutz 
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The object of this paper is to draw attention to the unsatisfactory posi- 
tion now existing in which commercial supplies of glycerophosphates, 
although issued as complying with the standards of the British Pharma- 
ceutical Codex, do not actually satisfy the full requirements of the mono- 
graphs. In order to clarify this position the authors of the present paper 
produced some pure salts, following factory practice, and investigated 
them. Published work by other investigators in this subject may be re- 
ferred to from the bibliography given at the end of the paper'’--^-^-'"®-'-®. 

Differentiation Between the Isomers 


In order to differentiate between the a and P-salts of glycerophospboric 
acid an efficient method of assay was required. This was found in the 
Malaprade reaction of periodic acid on vie. glycols for the estimation of 
the ci-isomer. This method was first applied by Fleury and Paris® to 
the assay of a-glycerophosphates, using arsenious acid for determining 
the excess of periodic acid, and was later adopted by Pyman and Steven- 
son®. But the present authors found the arsenious acid method 
somewhat difficult to manipulate, and they prefer the direct procedure 
of acidifying in the presence of excess of potassium iodide and deter- 
mining the amount of iodine lost in the reduction of the periodic acid 
to iodic acid, in comparison with a standard blank. Both methods gave 
results in complete agreement. 

0-3 g. of the crystalline sodium glycerophosphate (or OTSg. if the a con- 
tent exceds 50 per cent.) is weighed, placed in a stoppered 250-ml. conical 
flask and dissolved in a minimum amount of water; 25 ml. of a periodic 
acid solution (prepared by dissolving 3-674 g. of NasHalOa in 37-5 ml. of 
N sulphuric acid and diluting to 500 ml.) is added, the flask is swirled 
and set aside for 10 minutes. The reaction that takes place is repre- 
sented by the equation — 


CH. O PO,Na, 

CHOH - KIO, = KIO, - CHj-O PO,Na, - HCHO H.O 
CH,OH CHO 


After standing, 1 g. of sodium bicarbonate is added to the flask fol- 
Imved by 5 g. of potassium iodide and 10 ml. of dflute hydrochloric acid. 
Tbc carbon dioxide evolved is allowed to displace the air, the flask is 

minutes, and the solution finally titrated 
vMih 0-lls sodium thiosulphate. A blank must be carried out in’ a 
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similar manner and the difference between the two titrations noted. The 
reactions that take place on acidification are — 

KIO 4 + SHI = KI + 4 H 2 O + 41. 

KIO 3 + 6 HI = KI + 3H,0 + 31, 

Thus when 1 molecule of potassium periodate is reduced tc potassium 
iodate a loss of iodine is shown in the final titration. 

Hence, from the first equation above, 1 gram-molecule of sodium 
glycerophosphate is equivalent to 1 gram-molecule of potassium periodate, 
or 1 gram-molecule of iodine, or 2 litres N/1 thiosulphate. Thus each 
ml. of OTN thiosulphate in the difference noted is equivalent to 0-0162 g. 
of the a-salt C 3 H, 0 cPNa„ 6 H, 0 . 

In a mixture of the isomers, the amount of a-sodium glycerophosphate 
can be found by the above method, and the amount of the p-salt deter- 
mined by titrating the total glycerophosphate and deducting from that 
result the titre due to the a-salt. The indicator in the titration should be 
methyl yellow, which gives a much sharper end point than methyl orange. 
At this stage of the work it had been assumed that the samples crystallis- 
ing from the liquors were pure mixtures of a and p-isomers and contained 
no other titratable matter. 

Samples of calcium glycerophosphate were assayed in a similar manner, 
taking 0-125 g. of the salt, dissolving this directly in 25 ml. of the 
periodic solution and completing the titration in the manner already 
described; the difference between the titration of the blank and the test 
being recorded, 1 ml. of 0-1 N thiosulphate being equivalent to 0-0105 g. 
of anhydrous calcium glycerophosphate. 

When analysing sodium glycerophosphate liquors from the original 
combination, and also the mother liquors from which crops of crystals 
have been taken, it is essential that any free glycerin shall be completely 
removed, by repeated extraction with alcohol, because even traces of 
glycerin give rise to error in the assay for the a-salt. 

Preparation of Pure a and P-Sodium Glycerophosphate 

Crude sodium glycerophosphate was prepared by combining, under 
vacuum, two equivalents of glycerin with one equivalent of sodium acid 
phosphate and then hydrolysing the resultant diglyceryl ester with sodium 
hydroxide. The glycerin was removed by extraction with alcohol and, 
after separation, the alcohol that remained was expelled by evaporation. 
Samples from three bulk batches were adjusted to contain 50 per cent, 
w/w of CaHrOePNasSiHoO and the solution analysed. The results are 
shown in Table I. 


TABLE I 


Batch i 

1 

Sp. gr. at 
15*5'C, 

j Assay by ■ 

titration | 

1 Assay by 

ignition j 

Residue 
\ at 150^^0. 

a-isomer 

(6H,0) 


i 

J 274 

per cent ' 
50 0 

per cent. , 
50 7 

per cent. 
3S-4 1 

per cefii 

23- IS 

A 


(theory 34- jj: 


B 

.... i 

1-277 1 

49 5 

so 6 1 

35'4 


c 

i 

1 

I 

J 277 j 

50 0 

50 7 

36-3 

22-0 


These figures show the general constancy of the combination. 
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The bulked solution of these three batches was evaporated and ad- 
justed to a strength of 70 per cent, w/w of QH.Oe'PNai.S^H-O and 
allowed to crystallise durine several days. The crystals were removed 
and washed with alcohol. The mother liquor was again set to obtain 
further crj^stals and this procedure repeated until six different crops had 
been collected. The liquor from the sixth crop was uncrystalHsable. 

These six crops of crystals, after wasWng with alcohol to ensure the 
removal of any adherent glycerin, were assayed for their a p-content. The 
results are shown in Table II. 

TABLE 11 


o-saU( 6 H; 0 ) i 

'i p.saU{SHtO) I 

Total 

1 - 

per cent. 

percenL 

i 

1 per cent. 

13-9 

85-2 

’ 99-1 

71-0 

30-9 

101-9 

91-5 

7 - 8 S 

99-35 

28-5 

72-9 

101-4 

71-0 

30-1 

101 -J 

42-0 

S 7-8 

99-8 


Each of the six samples satisfied all the chemical requirements of the 
B.P.C., but aU failed to comply with the opening definition that “ sodium 
glycerophosphate is the sodium salt of P-glycerophosphoric acid.” 

Table U shows that the first crop of crystals contain the highest pro- 
portion of the p-isomer, whereas the third crop consisted almost entirely 
of the a-variety. These two crops of crystals were taken separately and 
twice recrystallised; finally separated from their mother liquor by centri- 
fuging then w'ashed with alcohol and dried at 60°C. 

The analysis of these recrystalfised preparations (given in Table ID) 
shows that two pure isomers were obtained, the a-isomer containing 6 
molecules of water of hydration and the p-isoraer 5 molecules. 
TABLE m 

1st crop ( 3rd crop 

(ivricc recryslaUised) i (twice recn-staUised) 
p-isomer \ a-isomer 


Lois at 150'^C 
Assay (UtraUon) . . 

Assay (gravimetric) 

■tt-isomcr . 

Sp. gr. of 50 per cent, solution 


\ I per 

cent, I ceat, 

‘ ^'75 (theory’ 29'42) ' 33 ‘25 (theory 33-34) 

^;^0C,H,O,PNa,,5H,O| JNa,.6H,0 

absent ” " 99-00 

' — I l-2natl5’’5°C. ” 


A saturated solution of the a-isomer contained the equivalent of 63-5 
per cent, w/w of CsHrO.PNa^OT-O and a saturated solution of the 
p-isomer contained 45-5 per cent, w/w of C3HT06PNa,,5H,0. 

The crystals of the a-isomer were hard and of a semitransparent nature 
quite distinct from those of the p-isomer, which were fra^e and of 
needle-like appearance. 

The uncrj'steUisable liquor, which represented 10 per cent of the 
original combination, was diluted with sufficient water to Wn LT 

Md f-calciM glycerophosphata ip soWop “nd fa farf ! 

„i calcta acefa Tte pracipfa alt taad w2 cofew 
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and analysis indicated its being a di-ester CHOHCCHo.O.POjCa),: the 
figures based on material dried at I50°C. are given in Table TV. 

This calcium salt did not reduce periodic acid solution, and therefore 
was not a vie. glycol. An approximate computation showed that 100 g. 
of presumptive sodium glycerophosphate in the uncrystallisable mother 

TABLE IV 

Calcium I i Phosphorus 


per cent. per cent. per cent 

; 24 4 77 S , 18^90 

1 25-5 78 I ' lS-60 

I 

liquor consisted of 55 parts of di-ester and 45 parts of true sodium 
glycerophosphate; yet, when adjusted to a liquor containing 50 per cent, 
of apparent sodium glycerophosphate (S^HeO) as estimated by titration. 
it agreed with the standards set in the B.P.C. 


For suggested formula 
For the precipitate 


Calcium Glycerophosphate 

Calcium salts were prepared from solutions of the pure a and p-salts 
of sodium glycerophosphate. 

With the p-salt, the method employed was that of treating the solu- 
tion with an excess of 30 per cent, w/v aqueous solution of calcium 
acetate, and following with an excess of alcohol sufficient to throw down 
the calcium glycerophosphate. This was collected, washed free from 
calcium and sodium acetates by means of alcohol, dried and then 
examined. It held one molecule of water of hydration {IH 2 O) and was 
soluble to the extent of 0-96 g. of anhydrous material in 100 ml. of solu- 
tion at room temperature. 

With the a-salt, two methods of preparation were employed: one 
precisely as just described for the (?-saIt; the other, that of using more 
concentrated solutions (without the use of alcohol) and allowing the 
calcium glycerophosphate to crystallise from the supersaturated condi- 
tion. In both cases the material was collected, washed with alcohol, 
dried and analysed. The precipitate effected by means of alcohol con- 
2 moUles of wafor of hydra.ion (2H.O) that 

from the supersaturated solution only 1 molecule (IH-0). 
figures for the 3 salts are given in Table V. 

Solubility of the Two o-Salts in Water 

Each salt was treated with distilled* water, leaving a little of the ^aU 
undissolved After about an hour’s digestion 50 ml. of sol 10 
withdrawn and titrated and the amount of calmum glycerophosphate 1 
rotlrcalcnlated. The solution of the £ 

Spension, were «t aside tor 3 days, s.ith 

llSa tested. The ameaM of 2H.O salt m solahoa had dropped 

per cent., whilst that of the IH.O salt remained at M7 per cent. 
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mixture containins the 2 H 2 O salt was now tested periodically until con- 
stant solubility was attained. This occurred at T26 per cent, of Jhe 
anhydrous material after about 4 weeks digestion at from 20 to 25 C.. 
considerable precipitation having taken place. The residuum of this 
disest was collected, washed with alcohol, dried and examined . it con- 
sisted of a-calcium glycerophosphate now associated %vith only 1 mole- 
cule of water of hvdration. Thus a change in constitution has occurred, 
and the more soluble but unstable salt with 2 molecules of water has 
reserted to the less soluble but stable salt with I molecule of water. 

These 2 a-hydrates were rendered anhi'drous : the 2 H 2 O salt lost aU 
the water at UO’C., but the IH.O salt had to be dried at 150°C. On 
exposing the anhydrous salts to the atmosphere, both absorbed moisture 
and returned to their original states of hydration, that is to say, to the 
2H,0 and IH^O hydrates, and dissolved 1 in 25 and 1 in 100 of water 
respectively, just as they did before subjection to dehydration. Thus there 
are 2 hydrates chemically the same, but having different solubilities. 
Possibly, the structures of the two hydrates differ, and a different 
arrangement of the calcium and glycerophosphate ions and of the mole- 
cules "of water in the lattices could explain the effects noted. 

X-ray diffraction data of the two hydrates and of the corresponding 
dehjdrated salts are aven below. 


TABLE V 

X-Ray DIFFRACnON DATA OF THE TWO HYDRATFS OF a-CALCIUM GLYCEROPHOSPHATE, 
INIERPLANAR SPACINGS IN A NVITH APPROXIMATE RELATIVE INTENSmES 



Dehydrated 

Dihjdrate 

Dehydrated 

Moaohjdratc 

Monob>dr3te 


Dihydrate 

1 

13 0 « 1 

1 14 8 

14 2 \s. 

10 9 vvs broad lw\e 

6 7 w- 

about 4 0 u d^u$e band 

( about 4 0 s. diffuse band 

7 1 mvi 

4*19 mvt 

5 5 mv, 

2 73 w 

5 17 m 

3 86 ms. 

4 Ws. 

1 99 

3*49 m 

3*48 ms 

3 34 mw 


2 22vt>s 

3*27 

2 S9m 


2-05 

3*04 mv. 

2 75 


1*81 w 

, 2*57 w, broad 

2 33 w 

2 iOvv. 

1 83 w 


1 72 « 

' 2 11 V.. broad 

1*85 N-vi. 

1 73%-^^. 


s StroQg m Medium w Weal., 


These experimental data demonstrate the distinct structural difference 
of the two hydrates and of their respective dehydrated salts. It is in- 
teresting to compare the effect of dehydration on the diffraction patterns, 
and m particular on the strong high spacing lines, in the 2 cases. For 
the dehydrated monohydrate the pattern is almost non-existent except 
for a strong diffuse band and an extremely strong line of higher spacin" 
than the maximum spacing line of the original raonobydrate''. This sug- 
gests that the water molecules are important in holding the calcium 
glycerophosphate units of the structure together, and that on their re- 
moval these units drift apart and the structure becomes much less ordered 

dihydrate has a good strong pattern 
with a decrease in spacing of the maximum spacing line from S S 

•he Thi, „„ ivai o” he 
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cules the remaining calcium glycerophosphate units can pack together 
m a highly ordered crystal structure which can, however, readily revert 
to that of the original hydrate. 


Commercial Samples of Calcium Glycerophosphate 
Samples of this salt were obtained from the principal manufacturers 
and subjected to the B.P,C. tests: the results are given in Table IV. The 
last three samples in the table were prepared by the present authors. 


TABLE VI 


Analytical data of samples of calcium 


Sample 

Loss at 
150“C. 

Assay by 
titration 

1 

1 Assay by j 
1 ignition j 

1 a- 

isomer 

A i 

1 

per cent, 
7-6 

per cent. ^ 
93-0 j 

1 1 

per cent. ' 
99-46 ^ 

per cent. 
79 '76 

® 1 

W’8 1 

94-60 1 

98-80 1 

78-92 

C 1 

7-5 

94- 18 ' 

101-16 ' 

79*64 

° i 

10-5 

93-90 ( 

97-85 

51-91 

a-salt 

2H,0 

a-salt 

IH.O 1 

13-9 ' 

70 

J 

98- 90 j 

99- 33 j 

j 

99-63 

99-5 

99-15 

1D09D 

S-salt 

1H,0 

B.P.C. 

Standards 

9-8 > 

Not more 
than lS-0 

100-22 { 

94-50 I 

1 

100-0 

- 98-0 

absent 


GLYCEROPHOSPHATE 


Solution 1 in 50 

I 


^ Soluble ; but flocculent. Pre- 
. cipitate ovcmi^t. 

Soluble but within 1 hour com- 
menced to flocculate. 

Not complete ; also commenced 
I to flocculate on standing. 

I Soluble; flocculated on standing, 

) Soluble ; only vciy slight floccu- 
1 laiion overnight, 
r Not complete but dissolves 
I quickly 1 in 120 to a dear 
solution. 

Not complete but dissolves 
' slowly 1 in 120. 

, I>issoIves with slight tvrbldlty. 


All figures are based oa material dried at ISO^C. ; B.P.C. directs drying at I50’C. 


Reference to Table VI wiU show that 3 out of the 4 samples analysed 
failed to meet the standard set for titratable matter, and yet reached 
the requirement (or practically so) as regards ash. This at once brings 
up the question as to whether the preparations or the standards are 
wrong; and when the different solubilities are also taken into account, 
emphasis is added to the question. It is clear that there are some diffi- 
culties in manufacture, for otherwise there would be greater uniformity 
in. the products, and it may be asked whether the requirements of medicine 
are such that more precise standards, to secure a closer approach to the 
pure salt, should be set up or whether such differentiation is of little 
therapeutic importance and wider limits should be allowed : such wider 
limits being, of course, rather arbitrary and merely arranged to suit good 
commercial practice. But on the question of solubility there is room 
for debate: insisting upon a degree of solubility which is not a stable 
property of the salt serves no useful purpose, but rather the reverse. If 
a pharmacist looks to a salt being soluble 1 in 50 of water and then, 
when using it in compounding, finds precipitation takes place, be is ^r- 
turbed and at a loss; but if he knows that an ultimately stable soIuUon 
can only exist at 1 in 100 some of bis difficulties will not arise. 
if there is no sound therapeutic reason for preferring one or other of the 
isomers, then degree qf solubility in water is of still less importance since 
both salts will be readily soluble in the acid gastric juice. 
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J. .S. TOAL AND J. I. PHILLIPS 


The test for titratable matter and other limiting tests allow ample 
margin for the manufacturers’ dilBculties in production. 

Calcim^ Glycerophosphate (Monohydrate) .. recognised in the 


1. It is recommended that official recognition be given to both a and 
p-salts both approximating to the monohydrates. 

These are the salts which are stable in water, and which satisfy all 
the official requirements at present set out for the dihydrate with the 
single exception of solubility; the present requirement being that of an 
unstable condition. 


1 g. of the salt should dissolve in 130 ml. of water within a few minutes. 
Both salts will dissolve in a smaller quantity of water, but the rate of 
dissolution is slow with the p-salt. 


Summary 

1. A method has been described for the determination of the a-isomer 
of glycerophosphoric acid. 

2. The preparation and properties of pure crystalline a- and p-sodium 
glycerophosphate have been described. 

3. The isolation of “ an impurity,” occurring from a side reaction 

in the primary combination and which seems to approximate to a di- 
ester, is reported. / 

4. Two types of o-calcium glycerophosphate have been prepared : a 
dihydrate which is unstable in water and a monohydrate which is stable. 

5. The properties of the two hydrates of the calcium salt have been 
investigated and differences in their physical behaviour are reported. 

6. The preparation and properties of /3-calcium glycerophosphate 
have been described. 

7. Commercial samples of calcium glycerophosphate have been exam- 
ined and their departure from official standards noted. 

8. Suggestions for the official monographs have been made. 

Special thanks from the authors are due to Dr. D. E. Palin, of Im- 
perial Chemical Industries, Limited, Research Department, Widnes, for 
ffi's interest in the crystal structure and for discussion of the X-ray diffrac- 
tion data which he supplied. 

We also wish to acknowledge the enthusiastic help of our technician, 
Mr. W. Rone, whose work made much of this paper possible, and we 
thank the Directors of Evans Medical Supplies. Limited, for permission 
to publish our work. 
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SODIUM AT^D CALCIUM GLYCEROPHOSPHATES 

DISCUSSION 


The paper was presented by Mr. J. S. Toal. 

Mr. G. J. W. Ferrev (Manchester) said that 23 years ago it was 
shown that the calcium glycerophosphate then on the market was the 
monohydrate, arid not the dihydrate which was introduced into the Codex 
later. The 50 per cent, solution of sodium glycerophosphate was stand- 
ardised by some makers on anhydrous sodium glycerophosphate and 
by others on the basis of the salt containing 5^^ molecules of water of 
crystallisation, while others varied between those trvo limits. There was 
very little diester in some makes. The insolubility' of calcium glycero- 
phosphate had been a difficulty in making the compound syrup. He 
wondered whether it would not be best to leave out the calcium glycero- ' 
phosphate altogether and put in some soluble form of phosphoric acid, 
the main object of putting glycerophosphate in was to get the tonic effect 
of the phosphorus, and they could very' well dispense with the calcium. 

He asked whether there was any difference in therapeutic activity 
between the a-and ( 5 -glycerophosphoric acids, and also whether there was 
any eridence to show that glycerophosphoric acid and its salts had any 
therapeutic action which was not possessed by phosphoric acid and its 
salts. 

Dr. G. E. Foster (Dartford) asked for information about magnesium 
glycerophosphate. This formerly came from Germany and usually 
complied with the requirements of the British Pharmaceutical Codex. 
After the war, however, it had been difficult to get any of British manu- 
facture which complied. 

Dr. K. Bollock (Manchester) criticised the author’s statement that the 
solubility of one of the isomers was not of great importance, because in 
any case it would dissolve in the acid gastric juice. Surely the salt would 
be reprecipitated again in the intestine; few substances were absorbed 
from the stomach. If, on the other hand, it was a real decomposition, 
why should not the separate products be given, instead of combining them 
and then allowing them to disintegrate again in the stomach? 

Mr. R. W. Gillham (Leeds) asked whether the authors considered that 
their work had thrown any light on the problem of the precipitation which 
occurred in samples of compound syrup of glycerophosphates. 


Mr. J. S. Toal, in reply, referring to the calcium salt, said that one 
could get the dihydrate only by precipitation with alcohol. The two 
hydrates had different solubilities. The dihydrate would dissolve with a 
1 in 20 initial solubility, and a stable solubilitv of- 1 in 100. The mono- 
hydrate had an initial solubility of 1 in 100.' They had found that 50 
per cent, solutions were low in diester. He suggested that the formula 
for the compound syrup of glycerophosphates oushl to be based on the 

manufacturer had ^ different preparation' 
and they did not comply with the B.P.C. With one or two exceptions 
none of ffie magnesium salts on the market to-day would pass the Sdex 
tests. The standard required 97 per cent hv ^ ^ Goaex 

by b„, L"' 90™“ m 
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BACTERIAL SURVIVAL IN SYSTEMS OF LOW MOISTURE 

CONTENT ' 

Part I. Enumeration and Distribution of Organisms in 
Spray-dried Powders 

By Kenneth Bullock, Winifred G. Keepe and E. A. Rawlins ■ 

From the Department of Pharmacy of the University of Manchester 
Received July 1, 1949 

Introduction 

The growth and metabolism of bacteria and their response to altered 
environmental conditions when growing in liquid media, or such media 
solidified by addition of a small percentage of agar, have been extensively 
studied both quantitatively and qualitatively. Much has been written 
about the enumeration of bacteria suspended in liquids. On the contrary, 
the behaviour and enumeration of bacteria in powders, pastes, and oils, 
that is to say in systems of relatively low moisture content, have been 
studied to a much lesser extent. This situation is probably due to the 
diflSculty, experienced in the past, of obtaining powders of predetermined 
composition, containing an even distribution of suitable numbers of a 
known organism, with which the experiments could be carried out. 

As long ago as 1909 ShackelP called attention to the possibilities and 
advantages of freeze-drying for the purpose of obtaining bacterial cul- 
tures in a form in which they would retain their viability, cultural charac- 
teristics and state of virulence. Swift-, and Elser, Thomas and Steffan^ 
showed that hsemolytic streptococci and meningococci were resistant to 
freeze-drying and subsequently remained viable over a long period of 
time. Heller^ used this method of drying for the quantitative investiga- 
tion of environmental factors affecting dried samples of Streptococcus 
pyogenes and Escherichia coli. He did not, however, specify his limits 
of error. The products of freeze-drying tend to occur as flakes, and an 
examination of the literature has not revealed any report establishing 
that viable micro-organisms are uniformly distributed in the powders 
formed from such products. 

The work described in the present communication was foreshadowed 
in a previous paper from this Department^. It was there suggested that 
a spray-dried powder containing a known species of micro-organism 
in a medium of known composition might prove suitable for the study 
of the effects of environmental conditions on the organism in such a 
powder, or such a powder suspended in oil. 

Before enquiry into the effects of environmental conditions can be 
made, certain, facts must be established. Organisms suitable for the in- 
vestigations on hand must be chosen. It must be shown that these 
organisms can he counted satisfactorily, or at any rate that reasonably 
concordant replicate viable counts can be obtained and the errors or 
such counts must be statistically evaluated. It must be shown that the 
viable organisms counted are uniformly distributed in the powder or that 
with suitable treatment such uniformity can be attained. The organisms 
used should remain viable for considerable lengths of time in the powder. 
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but if they cease to be able to reproduce during the course of the ex- 
periinent then it must be possible to estimate the extent of such degenera- 
tion over the periods of time involved in the experiment. It shotdd 
clearly be understood that the fact that a particular bacterium does not 
produce a colony when the medium is plated out may not mean that 
the organism is dead as an individual, but it does mean that it is in- 
capable of reproduction. In the following work such organisms will, 
as is usual, be regarded as non-viable. 


Experimental Techniques 


Choice of Test Organisnis. Considerable thought has been given to 
the question of the choice of suitable organisms. For the early work 
on spray-drying it was essential that the test .organisms should be non- 
pathogenic since some of the dried culture might be inhaled. Pre- 
liminary experiments with yeasts and moulds did not appear promising, 
largely on account of difficulties of culture and enumeration. Bacteria, 
although smaller in size and so more difficult to examine microscopicaEy 
and distmguish from unorganised matter in total counts, yielded more 
repeatable figures. 

It was considered that both spores and vegetative forms should be 
examined in this work, for the following reasons, (i) To be satisfactory, 
suggested processes for sterilisation must destroy the viability of spores, 
but (ii) a substance which will kill, or even profoundly inhibit vegetative ^ 
organisms, even if it does not affect spores, may be considered to be 
satisfactory for the maintenance of sterility in, for example, multiple 
dose containers, (iii) For the understanding of the life processes of 
bacteria the behaviour of both spores and vegetative forms is of interest. 

Bacillus subtilis appeared to be the most obviously satisfactory non- 
pathogenic sporing organism. To perform “useful” viable counts on 
B. subtilis in the vegetative form is probably an impossibility owing to 
the tendency of the cells to form chains and the tendency of these chains 
to form a matted growth or pellicle on the surface of fiquid media. It 
IS difficult, not only to break down the chains into individual ceils, but 
the pellicle is very difficult to wet so that it has proved impossible to 
obtain the even suspension of organisms necessary for concordant repli- 
cate counts. When, however, B. subtilis is allowed to spore on the 
surface of agar each spore is formed individually in a separate bacterial 
cell. This process is followed by the autolysis of the original vegetative 
ceUs; the whole surface becomes moist and the spores^ can easily be 
mixed with a suspending fluid. Microscopical examination of the re- 
sultant suspension shows the spores to be separate with no tendency to 
clump. Such a suspension has proved verj' satisfactors' in this work 
The details of preparation are as follows. 


The organism used was Bacillus subtilis (Marburg, No. 3610) obtainec 
bSational Collection of Type Cultures. The surface srowtl 
on 10-day agar slopes was washed off with 20 ml. of sterfe watS an 
the «s„ta„g suspense wa, stably diluW aad dinribuM 1 ? gte 
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ampoules. These were heated at SO'C. for 3 minutes, to destroy any 
vegetative organisms, and were then stored in a refrigerator. Such sus- 
pensions showed no significant decrease in viable count after 6 months’ 
storage. 

To find a suitable non-sporing organism has proved to be much 
more difficult. Bacterium lactis aerogenes, which was used in the work 
described in the previous paper, is non-pathogenic, evidences no marked 
tendency to chain formation and gives rise to colonies which can easily 
be counted, but over 99 per cent, of the bacteria are usually destroyed 
on spray-drying and the survivors fairly rapidly die off in the resultant 
powder under ordinary conditions of storage. It is possible that some 
of the difficulties are inherent in the nature of vegetative bacteria. Re- 
cently it has been found that Streptococcus fcecalis appears to be more 
resistant to drying and storage in the resultant powder, and provided 
that difficulties involved in obtaining a viable count of a Streptococcm 
can be overcome, this organism may prove very satisfactory. For the 
present, however, the use of Bact. lactis aerogenes has been continued, 
the strain used being No. 418, obtained from the National Collection 
of Type Cultures. The details of its use are as follows. For each spray- 
drying 10 ml. of peptone water was inoculated with the organism and 
incubated at 30°C. for 24 hours. The suspension so obtained was 
thoroughly mixed by means of a sterile pipette and added to the solution 
to be dried. 

Choice of Method for Viable Counts. Wilson” advocated a method 
for counting viable organisms, using roll-tubes which were inoculated 
by means of dropping pipettes, and the accuracy of the technique has 
been established by WithelP and others. Anderson and Stuart* and 
Miles and Misra” used dropping pipettes to perform “ surface-viable ” 
counts. By this method surface growths of B. subtilis tend to spread, 
and since only a relatively small number of colonies are counted errors 
due to interference from spreading are magnified by the large multiplica- 
tion factor involved. To minimise the difficulty Davis^®, using this 
method, reduced the colony size by incorporating sodium taurocholate 
in the medium, but, while he obtained a satisfactory statistical uniformity, 
he found the salt to have an inhibitory effect. This might operate 
unequally in the presence of other chemical agents. Such inhibition 
would be detrimental to the objects of the present investigation. With 
dropping pipettes as used by the above workers, the size of drop de- 
livered is not only governed by the external diameter of the tip, but is 
also influenced by the temperature and viscosity of the liquid dropped. 
They are not, therefore, particularly suitable for measuring samples of 
liquids where the viscosity may differ, as is the case with original and 
reconstituted samples before and after drying. Snyder” compared the 
use of dropping pipettes with that of graduated pipettes in combination 
with both roll-tubes and plates and with surface counts- He fouiid 
graduated pipettes to be more accurate, but the significance of the a 
ference was lost when estimating viable counts because the pipetting 
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errors contributed only a small proportion o£ the total error. It was ds- 
cided, therefore, to use pipettes marked with two graduations for the 
delivery of 1 ml. for dilutions and inoculations: roll-tubes were used 
for the counts, which were carried out in the following manner. 9 ml. 
of diluent were placed in each of a number of plugged test-tubes. 1 ml. 
of the suspension to be counted was pipetted into the first of these 
tubes. A second pipette was used to mix the contents of the tube and 
to transfer -1 ml. of the mixed suspension to the second tube. A smt- 
able number of such serial dilutions was made, a fresh pipette being 
used for each transference. 1 ml. portions of the final dilution were 
inoculated into roll-tubes containing 5 ml. of melted agar medium which 
had previously been maintained at a temperature of 46 °C. The roll- 
tubes, after inoculation, were held horizontally under a stream of cold 
water and rotated until the agar set They were then placed, plug- 
downward in the incubator. The accuracy of the techmque has been 
assessed statistically according to the method used by Withell', Davis^°, 
Berry and Michaels’^- and others. In the immediately following para- 
graphs the results refer to experiments with B. subtilis spores. A sum- 
mary of the corresponding results with Bact. lactis aerogenes is given on 
pages 891 et seq. 


The Accuracy of the Graduated Pipettes. The pipettes used were 
made of fine bore glass tubing tapered at one end to a stout point. A 
ring was marked round the tube about 2 cm. from this end, and a second 
mark made at a distance, above this conespondmg to a delivery of 1 ml. 

. The pipettes were calibrated gravimetrically. The weights of water de- 
livered by the pipettes were all greater than 0-9873 and less than 1-0073 
g. and the mean deviation from the theoretical values (0-9973 g.) was 
0-0043 g., giving a mean percentage deviation of 0-431 per cent Jenni- 
son, Marshall and Wadsworth” stated that pipettes suitable for viable 
counts should have an accuracy within ± 1 per cent 


In a viable count however, the delivery of liquid is not controlled as 
carefully as in the above calibration. Twenty pipettes were taken at 
random and fitted with rubber teats by means of which water could 
be drawn up to the upper mark and ejected until the meniscus reached 
the lower mark. The water so discharged was weighed, and the process 
repeated 3 times for each pipette. In order to make the conditions as 
severe as possible no specific time was allowed for drainage, and the 
various pipettes when being filled were inserted at different depths into 
the water. The results are given in Table I. 


From the weights of water discharged from the same pipette the 
variance was calculated and from the mean of these the co-efficient of 
vanation was found to be 0-77 per cent From the same figures three 
variances of the weights of water discharged from different piLttes ™ 

cent, and 1.83 per cent obtained by \ViMr,\s£“g topS pipltS 
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ampoules. These were heated at 80°C. for 3 minutes, to destroy any 
vegetative organisms, and were then stored in a refrigerator. Such sus- 
pensions showed no significant decrease in viable count after 6 months’ 
storage. 

To find a suitable non-sporing organism has proved to be much 
more difficult. Bacterium lactis aerogenes, which was used in the work 
described in the previous paper, is non-pathogenic, evidences no marked 
tendency to chain formation and gives rise to colonies which can easily 
be counted, but over 99 per cent, of the bacteria are usually destroyed 
on spray-drying and the survivors fairly rapidly die off in the resultant 
powder under ordinary conditions of storage. It is possible that some 
of the difficulties are inherent in the nature of vegetative bacteria. Re- 
cently it has been found that Streptococcus jacalis appears to be more 
resistant to drying and storage in the resultant powder, and provided 
that difficulties involved in obtaining a viable count of a Streptococcus 
can be overcome, this organism may prove very satisfactory. For the 
present, however, the use of Bact. lactis aerogenes has been continued, 
the strain used being No, 418, obtained from the National Collection 
of Type Cultures. The details of its use are as follows. For each spray- 
drying 10 ml. of peptone water was inoculated with the organism and 
incubated at 30°C. for 24 hours. The suspension so obtained was 
thoroughly mixed by means of a sterile pipette and added to the solution 
to be dried. 

Choice of Method for Viable Counts. Wilson'' advocated a method 
for counting viable organisms, using roll-tubes which were inoculated 
by means of dropping pipettes, and the accuracy of the technique has 
been established by WithelF and others, Anderson and Stuart® and 
Miles and Misra® used dropping pipettes to perform “ surface-viable ” 
counts. By this method surface growths of B. subtilis tend to spread, 
and since only a relatively small number of colonies are counted errors 
due to interference from spreading are magnified by the large multiplica- 
tion factor involved. To minimise the difficulty Davis'®, using this 
method, reduced the colony size by incorporating sodium taurocholate 
in the medium, but, while he obtained a satisfactory statistical uniformity, 
he found the salt to have an inhibitory effect. This might operate 
unequally in the presence of other chemical agents. Such inhibition 
would be detrimental to the objects of the present investigation. With 
dropping pipettes as used by the above workers, the size of drop de- 
livered is not only governed by the external diameter of the tip, but is 
also influenced by the temperature and viscosity of the liquid dropped. 
They are not, therefore, particularly suitable for measuring samples oi 
liquids where the viscosity may differ, as is the case with original and 
reconstituted samples before and after drying. Snyder" compared the 
use of dropping pipettes with that of graduated pipettes in combination 
with both roll-tubes and plates and with surface counts. He founu 
sraduated pipettes to be more accurate, but the significance of - 

ference was lost when estimating viable counts because the pipewng 
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errors contributed only a small proportion of the total error. It was de- 
cided, therefore, to use pipettes marked with two graduations for the 
delivery of 1 ml. for dilutions and inoculations: roll-tubes were used 
for the counts, which were carried out in the following manner. 9 ml. 
of diluent were placed in each of a number of plugged test-tubes. 1 ml. 
of the suspension to be counted was pipetted into the first of these 
tubes. A second pipette was used to mix the contents of the tube and 
to transfer 1 ml. of the mixed suspension to the second tube. A suit- 
able number of such serial dilutions was made, a fresh pipette being 
used for each transference. 1 ml. portions of the final dilution were 
inoculated into roll-tubes containing 5 ml. of melted agar medium which 
had previously been maintained at a temperature of The roll- 

tubes, after inoculation, were held horizontally under a stream of cold 
water and rotated until the agar set. They were then placed, plug- 
downward in the incubator. The accuracy of the technique has been 
assessed statistically according to the method used by Withell*. Davis^®, 
Berry and Michaels’^ and others. In the immediately following para- 
graphs the results refer to experiments with B. subtilis spores. A sum- 
mary of the corresponding results with Bact. lactis aerogenes is given on 
pages 891 et seq. 


The Accuracy of the Graduated Pipettes. The pipettes used were 
made of fine bore glass tubing tapered at one end to a stout point. A 
ring was marked roimd the tube about 2 cm. from this end, and a second 
mark made at a distance.above this corresponding to a delivery of 1 ml. 

. The pipettes were calibrated gravimetricaliy. The weights of water de- 
livered by the pipettes were all greater than 0-9873 and less than 1-0073 
g. and the mean deviation from the theoretical values (0-9973 g.) was 
0-0043 g., giving a mean percentage deviation of 0-431 per cent. Jenni- 
son, Marshall and Wadsworth*® stated that pipettes suitable for viable 
counts should have an accuracy within ±: 1 per cent. 


In a viable count, however, the dehvery of liquid is not controlled as 
carefully as in the above calibration. Twenty pipettes were taken at 
random and fitted with rubber teats by means of which’ water could 
be drawn up to the upper mark and ejected until the meniscus reached 
the lower mark. The water so discharged was weighed, and the process 
repeated 3 times for each pipette. In order to make the conditions as 
severe as possible no specific time was allowed for drainage, and the 
vanous pipettes when being filled were inserted at different depths into 
the water. The results are given in Table 1. 


From the weights of water discharged from the same pipette the 
variance was calculated and from the mean of these the co-efficient of 
variation wp found to be 0-77 per cent. From the same figures three 
variances of the weights of water discharged from different pipettes were 
also calculated and from the mean of these the co-efficient of variation 

cent, and 1-S3 by Wither, nsing dropping pipetSS 
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The Accuracy of the Dilution Technique. In most “ viable counts,” 
10-\ 10'^, and I0‘^ dilutions have been prepared, the last dilution being 
tubed. Each dilution was prepared by pipetting 1 ml. of suspension into 
9 ml. of diluent. As diluting agent quarter-strength Ringer’s solution 
was used with Rnc/. iactis aerogenes while distilled water was used with 
B. subtilis since it was found to have no destructive effect on spores. 

TABLE I 


Errors involved in measuring 1 ml. of water with pipettes, filling and 
emptying being effected by a rubber teat 



Weights 

Mean (it) 

S(x-x7‘ 

Variance 


w \ 

^E S 

S ‘ 1^1 

^E £ [ 

% ‘ ^B 

^E V [ 

iSS. i^B 

S * 

^B ^ 1 

^ 

i 


0-9800 

0-9750 

0-9620 

0-9651 

0-9972 

0-9820 

0-9793 

0-9864 

0-9841 

0-9753 

0-9834 

0-9916 

0-9928 

0-9920 

0-9945 

0- 9910 

1- OOOO 
0-9959 

0- 9759 

1- 0117 

0-9818 

0-9873 

0-9700 

0-9730 

0-9991 

0-9795 

0-9713 

0-9843 

0-9853 

0-9779 

0- 9885 

1- 0005 
0-9993 
0-9891 
0-9985 

0- 9816 

1 - 0036 
0-9891 

0- 9789 

1- 0106 

0-00000517 

0-00023267 

0-00015218 

0-00012482 

0-00006573 

0-00014550 

0-00034993 

0-00000886 

0-00011329 

0-00012141 

t)-0W«7393 

0-00016971 

0-00006475 

O-O00IS4O3 

0-00015401 

0-00016142 

0-00001976 

0-00007448 

0-00001345 

0-00002115 

0-000002585 

0-000116335 

0-000076090 

0-000062410 

0-000032865 

0-000072750 

0-000174965 

0-000004430 

0-000056645 

0-000060705 

0-000084855 

0-000032375 

0-000077015 

0-000077005 

0-000080710 

0-000009880 

0-000037240 

0-000006725 

0-000010575 

Mean (JT) 

S(x-x)’ ... 

Variance 

0-9883, 

0-00272404, 

0-00014337, 

0-9888, 

0-00419382, 

0-00022073, 

0-9858 

0-00274324 

0-00014438 

Total 

Mean Variance 

S. Peviation 

0-00II63I2S 

0-000058156 

0-007626 

M. Variance 0 • 000 1 6949 

S. Deviation ... ... 0'0i302 

Co-efficient of Variation ... 1*32% 

' 

Co-efficient of 
Variation 

0-77^. 


Wilson^* showed that distilled water was lethal to vegetative organisms 
and found quarter-strength Ringer’s solution to be satisfactory for 
suspending such an organism. He also showed that distilled water had a 
dispersive effect on clumps of bacteria occurring in mihc. The 9-ml. 
quantities of diluent were delivered into the test-tubes from a burette 
consisting of 'a graduated 10-mI. pipette, plugged at the upper end with 
cotton wool, and connected at the lower end by means of a two-way tap, 
either to a flask containing the diluent, or to a hooded nozzle from which 
the diluent could be measured into a test-tube. The co-efficient of varia- 
tion of ten 9-ml. samples delivered from the apparatus was found to be 
0-287 jier cent. 

In order to estimate the overall error of diluting and pipetting, 20 serial 
dilutions were carried out. From each of 20 spore suspensions, lO'S 10•^ 
and 10'^ dilutions were prepared in duplicate. Five roll-tubes were then 
inoculated from each of the 10-^, dilutions giving 2 sets of 5 tubes from 
each spore suspension. The results are given in Table 11. 

The variance of the mean counts obtained from each pair of dilutions 
was calculated and from these the mean co-efficient of variation was 
found to be 3-06 per cent. Another similar experiment by a dinereni 


882 





BACTERIAL SURVIVAL IN SYSTEMS OF LOW MOISTURE CONTENT. 

PART 1 

worker gave a mean co-efficient of 3-37 per cent, pese figures may be 
compared with 4-95 per cent, obtamed by Withell' and 3-79 per cent 
obtained by Berry and Michaels*^. 

The Error of Counting Colonies of B. subtilis. If a roU-ffibe be 
counted on successive occasions counts will be obtained which difier 
slightly from one another. The differences may be attributed to. ^a) 
Inability to recognise small colonies; (b) The appearance of double 
colonies where two colonies lie one above the other m the medium, (c) 

TABLE n 

Errors of deluiing and pireiting 


Experiment 

j 1st 10'’ dilution 

(mean count of 5 
j tubes) 

2nd ID** dilution 
(mean count of 5 
tubes) 

Variance 

1 

168 


! 12-5 


2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
U 
15 


218 
199 
1 86 
187 
206 
208 
212 
195 
212 
237 
131 
119 
124 
159 


219 

197 

195 

195 

203 
201 
219 

204 
226 
253 
124 
128 
120 
160 
131 


0-S 

2-0 

40-5 

32-0 

4-5 

24-5 

24-5 

32-0 

98-0 

128-0 

24-5 

40-5 

8-0 

0-5 

4-5 


17 

i32 

137 

12-5 

18 

135 

129 

18-0 

19 

78 

72 

18-0 

20 

79 

75 

8-0 


The suppression of some colonies by local crowding; (d) The occurrence 
of spreading surface colonies both at the medium-air interface and the 
medium-glass interface; (e) The development of daughter colonies arising 
from the surface colonies; (f) Parallax error. Colonies which have been 
counted are identified by marks made on the surface of the glass. As the 
tubes are rotated, the relative positions of the marks and of the colonies 
lying deeper m the agar may alter so that colonies which have been 
marked appear to be unmarked and vice versa. 

Wilson** investigated the first three of these sources of error. He con- 
cluded that the use of a small hand lens magnifying 2 or 3 diameters 
greatly aided the recognition of small colonies. He also examined the 
structure of double colonies appearing as circular surface colonies upon 
which smaller, lenticular colonies, lying deeper in the agar, were superim- 
posed, and suggested that where the lenticular colony was placed centrally 
with respect to the circular colony these should be regarded as one, whilst 
when the lenticular colony was eccentrically placed the two colonies should 
be regarded as separate. Wilson also showed that if the tubes are over- 
crowded suppression of some colonies may occur and recommended that 
die count should lie betw-een 30 and 300. All these recommendations 
have been followed m the work described in this paper. 

The presence of spreading surface growth has been generally held to 
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cause low values for the viable count and various attempts have been 
made to reduce the tendency of such colonies to form and to reduce their 
size when they do occur. Thornton” endeavoured to control them by 
reducmg the nutrient content of the agar medium but the period of incu- 
bation had to be extended to 10 days which is unsuitable for roll-tubes 
because they dry out unless the incubator atmosphere is kept saturated 
with water, in which case the surface growth is greatly increased. Various 
methods of drying the surface of the agar before incubation were tried 
but all proved unsatisfactory. 

The surface growth may affect the count in two ways. Firstly, it may 
become^ confluent with other colonies growing on the surface. The 
proportion of these, however, is small and the surface growth occupies 
usually only one-third or less of the total surface. The number of 
colonies affected in relation to the total number occurring in the tube is 
therefore not likely to be large. Moreover, discrete colonies are often 
observed lying on the surface in the middle of the spreading growth 
,nd surrounded by a clear ring, which suggests that during the period 
of incubation they have not lost their identity. Secondly a more serious 
difficulty is caused by the presence at the edge of the spreading growth of 
numbers of small discrete daughter colonies, produced on the surface 
from it. These colonies differ in appearance from those submerged 
colonies normally seen in tubes where no spreading growth occurs; 
differentiation was based on' the following characteristics. 

Submerged Colonies are small, irregular, or “ woolly ” colonies, 
to 1 mm. in diameter, opaque, white or pale cream by reflected light, 
brown by transmitted light. 

Surface Colonies may be produced from the submerged colonies. 
When these have grown to reach the upper surface they produce a spread- 
ing colony thereon. The size of this depends on the amount of moisture 
present at the surface of the medium. During incubation this moisture 
film gradually dries up, so that the depth at which an organism is im- 
planted in the medium and the speed with which it grows govern the 
size of surface colony produced. Thus many colonies produce no 
surface growth. Others produce circular surface colonies; these are thin, 
or slightly raised, the surface being smooth or showing radiate n'dges 
or wrinkles; the submerged colony can be seen as a denser spot lying 
below the centre of the circular colony. More advanced surface colonies 
show transitions from the circular type through lobate or pinnatifid 
forms to much-branched, somewhat radiate, moderately thin, colonies, 
the ends of the branches and their subdivisions being club-shaped. A 
small submerged colony can be seen at the centre of radiation. In the 
largest “ spreaders ” the centre is occupied by a continuous fita of growth. 
Since these have probably been produced from organisms implanted on 
or very near the surface of the medium there is no submerged colony 
apparent. Surface colonies are occasionally produced at the medium- 
glass interface. These are very thin with irregular edges and are pt an 
even, granular texture. 

Daughter Colonies are sometimes produced from the edges of extensive . 
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KENNETH BULLOCK, WINIFRED G. KEEPE AND E. A. RAWLINS 

The Standard Error of the Mean of Three Counts using Method (1) 
is 6-098, and the majority of the variances are excessive. The effect of 
the surface growth, either by virtue of obliteration of other colonies of 
by masking of them at its fringes, would be greatest on the lower counts. 
The use of Method (2) should minimise the effect. On the other hand, 
the parallax error should not be considerable on tubes of low count, 
for the distance separating the colonies is greater and the number of 
colonies bordering • the demarkation lines fewer than in tubes of high 
count. The experimental results of Method (2) are in agreement with 
this, the Variances of the lower counts being significantly improved, while 
those of the higher counts show no such’ improvement. Using Method (3) 
the parallax error has been minimised, for this occurs almost entirely 
along the longitudinal markings, since a slight rotation of the tube easily 
brings a colony from one side of thedine to the other. Using this method 
the variances of both high and low counts were satisfactory and the 
Standard Error of the Mean of Three Counts was found to be 2-94, com- 
paring favourably with that of 2-44 obtained by Berry and Michaels^* 
using E. colL It may be mentioned that a different worker using 
Method (2) obtained a Standard Error of 4-73. The same worker using 
Petri dishes instead of roll-tubes obtained the figure of 7-26 for the 
Standard Error. 

A direct estimate of the effect of the surface growth on the viable 
count was also afforded by a series of tubes inoculated from the same 
suspension, in which a considerable variation occurred in the size of 
surface colonies present. The results are given in Table IV. 


TABLE IV 


The effect of surface growth on the viable count of B. subtius 


Count ^ 1 

Area of 

Surface Growth 

Count 

Area of 

Surface Growth 

146 

Extensive 

143 

Very slightly 

137 

Nil 

111 

Slight 

133 

1 Moderate 

143 

Nil 

123 

SUgbt 

146 

Nil 


The highest count was obtained in two tubes, one of which bore an 
extensive surface growth, while the other showed none at all, and the 
tube with the lowest count had only a small “ spreader.” There is, in 
fact, no significant difference between the counts which can be attributed 
to the effect of the surface growth, and it appears that viable counts 
may be satisfactorily performed even in the presence of extensive spread- 


ing colonies. 

T/ie Suitability of the Agar Medium. As pointed out above, an 
orgahism is regarded as viable if it produces a colony in the roll-tube, 
and as non-viable if it fails to produce such a colony. The composition 
of the medium used in the roll-tubes is to some extent responsj le for 
the rate of growth of the colonies and the ultimate size which they attam. 
It is even more important that certain, possibly damaged or vv^ ened, 
individual cells may fail to grow in one medium, while they P 
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Thornton^= suggested that batches of media should comply with two 
requirements ; (i) Different batches should give reproducible results, (ii) 
Parallel platings from the same batch should develop the same number 
of colonies within the limits of sampling variance. 


TABLE V 

The effect of temperature and composition of medium on the 

VIABLE COUNT OF B. SUBTIUS 


- 

Metfrum A 

Medimn B 

Medium C 


Incubation Temperature 

Incubation Temperature 



20°C 

26°C 

32°C 

37''C 

42°C 

20°C 


32°C 

37“C 

42“C 

20"C 

26«C 

32’'C 

IRQ 



90 

131 

155 

127 

IS 

79 

112 

136 

198 

75 

53 

72 

— 

77 

82 

121 



136 

135 

133 

122 

36 

no 

126 

139 

94 

56 

95 

88 

89 

126 


no 

118 

120 

120 

127 


■klH 

116 


115 

57 

73 

77 

83 

138 


103 

111 

122 

142 

138 



125 

112 

85 

57 

95 

127 

97 

103 


ii6 

141 

145 

1U6 

108 


im 

137 

124 

97 

44 

80 

114 

93 

117 

Mean ... 

95 

127 

135 

126 

123 

17 

g 

128 

116 

93 

53 

83 

97 

89 

121 


To test requirement (i), 5 tubes were rolled from each, using the same 
suspension of the test organism in each case. The results for successive 
batches are given in Table VI. 


TABLE VI 

The reproducibiutv of viable counts on successive batches of media 


Batch I 

Batch n 


Count 

[ Mean 

1 Count 

1 Mean 

1 T 

i p 

82 90 76 86 

I 

1 84 


1 

1 91 


0-6to0-7 

97 146 112 111 116 

116 


119 


0-7 to 0-8 

126 140 127 130 110 

! 126 


I 120 


0-3 to 0-4 


The probability is in each case satisfactory and it may be concluded 
that different batches of the medium can be prepared having the same 
sensitivity to the test organism. 

Requirement (ii) can be tested by the use of the statistic x* calculated 
in the form 

^ S(x-xf 

X 

Berry and Michaels^^ tested each batch of medium by counting 20 repli- 
cate tubes and comparing the value of obtained from them with that 
to be expected if the variation involved only the normal sampling 
variance. For comparison, results of similar tests are included here. 
Table VII shows a typical result for one batch and Table VIII shows the 
summarised results for all the batches used in the present experiments. 
In all cases P was found to be satisfactory. 

This test, however, is really a test of all the errors involved in carrying 
out the count and while, assuming all other errors to be small, the agar 
may be assumed to be satisfactory, the test is not sufficiently comprehen- 
sive to assess the overall error. Moreover, such a test would conceive 
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be of use in testing media used with mixed bacterial cultures where, for' 
instance, the encouragement of certain fast-growing organisms might 
militate against the development of slower growing colonies, but it is 
dfficult to see how a homogeneous medium could increase the variance 
of counts on a pure culture. 

The Duration and Temperature of Incubation. The optimum tempera- 
ture for growth of B. subtilis is given by Bergey“ as 30° to 37°C. and by 
Topley and Wilson^" as 37°C. It is possible also that it may vary to some 
extent with the medium employed and a test was therefore carried out 
to examine this. Table V, to which reference has already been made, 
shows the counts resulting from incubation at various temperatures 
and on various media. In these experiments the temperature for maximal 
counts for JB. subtilis appears to lie betwen 26°C. and 42°C. and incuba- 
tion temperatures \vithin this range were therefore used for this organism. 


TABLE Vn 

Goodness of fit of jr obtained from 20 repucate roll-tubes of 
B. SVBTIUS 


Coont (x) ^ 

t 

Mean GO \ 

(x-x) 

(x-x)-- 

1 , _ S(x-jO* 


\ 



J ^ 

ISO 


13 

169 i 


MS 

192 

195 

180 

206 

181 

189 
207 
203 
183 
180 
202 
211 
203 

190 
180 
178 
211 


193 


13 

1 

2 

13 

13 
12 

4 

14 
10 
10 
13 

9 
18 

10 
3 

13 

15 

18 


144 

169 

1 

4 

169 

169 

144 

16 

195 

lOO 

100 

169 

81 

324 

100 

9 

169 

225 

324 


2782 

=14-42 


N = 19 j4=I4 42 P ■= 0-8 — 0-7 


TABLE Vni 

SUM\URY OF VALUES OF r 20 ROLL-TUBES OF 


Batch No 


1 

2 

3 

4 

5 

6 
7 
S 
9 


No. ofTubes 


20 

20 

20 

20 

20 

20 

20 

20 

19 


N 


19 

19 

19 

19 

19 

19 

19 

19 

IS 


X* 


14-42 

17- 98 

14- 13 

13- 17 

15- 60 

18- 59 
n 83 

14- 81 
n-83 


O'S — 0-7 
0-7—0 5 
0 8-0-7 
0-9— 0-8 
0-7— 0-5 

2*^ — 
0-9—0 8 
0 8-0-7 
0'9-0-8 
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Thornton^® suggested thut batches of media should comply with two 
requirements : (i) Different batches should give reproducible results, (ii) 
Parallel platings from the same batch should develop the same number 
of colonies within the limits of sampling variance. 


TABLE V 

The effect of temperature and compositton of medium on the 

VIABLE COUNT OF B. SUBTILTS 


- 

Meiifum A 

Medium B 

Medium C 


Incubation Temperature 




20°C 

26°C 

32°C 

37»C 

[42°C| 


26‘’C 

32®C 

|37“C 

42“C 

mi 



37°C 

42'’C 


90 

131 

155 

127 


79 

j 

112 

1 

136 

198 

75 

53 

72 

77 

82 

17.1 



136 

135 

133 1 

122 

36 

110 j 

126 

139 

94 

56 

95 

88 

89 

1 126 


86 

118 

120 1 

120 1 

127 

7 

ISl 

116 

107 

115 

57 

73 

77 

83 

138 


103 

111 

122 i 

142 1 

138 

10 


125 

112 

85 

57 

95 

127 

97 

Eon 


86 

I4I 

145 1 

106 

108 

22 


137 

124 

97 

44 

so 

114 

93 

117 

Mean ... 

95 

1 127 

135 j 

126 

123 

17 

125 

128 

116 

93' 

D 

m 

97 

89 

121 


To test requirement (i), 5 tubes were rolled from each, using the same 
suspension of the test organism in each case. The resuifs for successive 
batches are given in Table VI. 


TABLE VI 

The reproducibiutv of viable counts on successive batches of media 


Batch I j 

Batch n 


Count 

Mean 

Count 


1 

1 ^ 

82 90 76 86 

84 

1 1 

118 71 92 85 

5l 

0-462 i 

1 

I 0-6 to 0-7 

97 146 112 111 116 

116 

115 123 123 119 116 

119 


0-7 to 0-8 

126 140 127 130 110 j 

126 

125 113 120 133 110 , 

1 

IJO 

0’942 1 

0-3 to 0-4 


The probability is in each case satisfactory and it may be concluded 
that different batches of the medium can be prepared having the same 
sensitivity to the test organism. 

Requirement (ii) can be tested by the use of the statistic x* calculated 
in the form 

X 

Berry and Michaels^- tested each batch of medium by counting 20 repli- 
cate tubes and comparing the value of obtained from them with Aat 
to be expected if the variation involved only the normal sampling 
variance. For comparison, results of similar tesU are included here. 
Table VII shows a typical result for one batch and Table VIII shows the 
summarised results for all the batches used in the present experiments. 
In all cases P was found to be satisfactory. 

This test, however, is really a test of all the errors involved in ^^ying 
out the count and while, assuming all other errors to be small, the ag 
may be assumed to be satisfactory, the test is not sufficiently hjy 

sive to assess the overall error. Moreover, such a test would concei 
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be of use in testing media used with mixed bacterial cultures where, for' 
instance, the encouragement of certain fast-growing organisms might 
militate against the development of slower growing colonies, but it is 
difficult to see how a homogeneous medium could increase the variance 
of counts on a pure culture. 

The Duration and Temperature of Incubation. The optimum tempera- 
ture for growth of B. subtilis is given by Bergey^® as 30° to 37°C, and by 
Topley and Wilson^' as 37°C. It is possible also that it may vary to some 
extent with the medium employed and a test was therefore carried out 
to examine this. Table V, to which reference has already been made, 
shows the counts resulting from incubation at various temperatures 
and on various media. In these experiments the temperature for maximal 
counts for B. subtilis appears to lie betwen 26°C. and 42°C. and incuba- 
tion temperatures within this range were therefore used for this organism. 


TABLE Vn 

Goodness of fit of jr obtained from 20 replicate roll-tubes of 

B. SVBTIUS 


Count (xl 1 

1 Meanpc) ] 

I 

(X-3D' 

^ ^ SCx-x)’ 

% 

180 



169 


131 


! 12 

144 


206 

1 


169 


192 

> 

; 1 

I 


195 


2 

4 


180 

1 

. 13 

369 


206 

i 

13 

369 


!8l 


12 

344 


189 


4 

16 

2782 

207 

193 

14 i 

; 196 


203 

1 

( 

100 

193 

183 

180 

1 

ID 

13 

100 

169 

=14-42 

202 

i 

9 

81 


2n 

1 

i 18 

324 


203 

1 

) 10 

100 


190 


1 3 

o 

1 

180 

1 

! ’5 

369 

1 

178 

< 

15 

225 

1 

211 

1 

1 ‘8 

324 

1 


N = 19 

=14-42 P = 

0-8 — 0-7 



TABLE Vni 

Summary of values of X* ootained from sets of 20 roll-tubes of 
B. suBrius 


Batch No. 

i . 

j No. of Tubes 1 

N ] 


X* 

! p 

' 

j . ; _ 


3 

4 

5 

6 
T 
F 
9 


20 

20 

20 

20 

20 

20 

20 

19 


19 

19 

19 

19 

19 

19 

19 

19 

IS 


14 -42 

17- 98 

14- 13 

13- 17 

15 - 60 

18- 59 
1I-S3 

14- Sl 
U-83 


0-8— 0-7 
0-7— 0-5 
0-8— 0-7 
0-9— 0-8 
Q-7_0-5 
0-5— 0-3 
0-9— 0-8 
0-8— 0-7 
0-9— 0-8 
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In order to determine the incubation period for B. subtilis likely to 
produce the most reliable counts 5 tubes were incubated at 32°C. and 
•counted at suitable intervals. The results are ^ven in Table DC 

TABLE IX 


Effect of duration of Incubation on the viable count of B. subtilis 


Period of Incubation 

i 

[ Count 

Mean 

j Variance 

24 hours 

160, 165, 143. 161, 115, 148 


! 343 

40 hours 

168, 163. 145, 160. ISO. 146 


1 93 

48 hours 

171. 166. 146. 154. 130. 151 


! 98 

60 hours 

ns. 155, 146, 152, 148, 143 

153 

133 


The mean counts show no significant differences but at 24 hours the 
variance of the counts appears excessive, probably because many of the 
colonies are too small to be seen satisfactorily. While the experiment is 
too small to permit of accurate conclusions, the mean count at 24 hours 
would appear to be unreliable. After 60 hours’ incubation the surface 
growth is thicker and, while this has produced no significant diminution 
in count, it renders the process of counting more difficult. The most 
suitable incubation period for B. subtilis would therefore appear to be 
about 48 hours. The fact that the count has not diminished after 60 hours 
tends to confirm the findings discussed above that the surface growth has 
little effect upon the viable count. 

Table X shows the result of another experiment in which temperature 
and duration of incubation were both varied. It suggests that a tempera- 
ture between 32‘’C. and 40°C. should be used with an incubation period 
of about 48 hours. 

TABLE X 


Effect of Te.mperature and Duration of Incubation on the Viable Count 

of B. SUBTIUS 


j 

1 Temptratore 

26’ C. 

j 32’ C. 

1 37” C. ‘tO’ C. 

period of 
Incubation 

Count 




1 Count 

jwean! Count jMeaa 

24 hours... 

1 

: 65. 58. SO, 55, 
i ^*5 i 

65 1 

1 

188, 192. 206, j 
1 220. 185 

196 

1 

336, 246, 307, j 
245, 410 

309 

1 367, 414, 314, 

1 429, 416 

I 382 

48 hours ... 

89, 119. 105, 

, 108, HI j 

106 j 

1 222, 205. 223. 

1 221.242 

B 

442, 301, 369, 1 
356, 420 1 

J 374 

: 401.470. 345, 
446, 405 

1 m 

1 

[ 394 

120 hours ... j 

107. 154. 142. 
130, 140 

135 j 

1 235. 226. 242. 

1 217,210 

; 226 j 385. 330. 333, j 
1 j 346.410 j 

361 1 411, 373. 383. j 
1 292,405 1 


I 129 j 

: 240. 227. 235. 
226. 221 

230 , 390. 315, 326, 

I 350,41! 

357 1 

397. 457. 383, ) 
3S5, 407 j 

386 


The Normal Sampling Variance. Fisher, Thornton and Mackeirae 
showed that plate counts approximated to small samples of a 
series and deduced from this that x^ the Index of Dispersion, shouja 
exhibit a characteristic distribution which was tabulated by 
The distribution of the values of x* determined experimentally co 
then be compared with the hypothetical distribution, and the Gooo 
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of Fit detennined. Such a comparison can be used to examine the 
overall errors of performing viable counts and provides a more critical 
test than the use of a single x*. The values of obtained with 100 
samples of spore suspensions of Bacillus subtilis have been tabulated 
in Table X and their Goodness of Fit tested. 

The observed distribution of x^ shows no significant departure from 
the theoretical distribution and the Probability obtained is satisfactory. 
It may be concluded, therefore, that the technique used is reliable and 
that accurate and reproducible results can be obtained with it. 

Results of Test of Counting Technique using Bad. lactis aerogenes. 
Tables XI, XII, XIII, XIV and XV relating to Bad. lactis aerogenes 
correspond with Tables HI, V, VH, IX and X respectively for B. subtilis. 
Table XVI shows that quarter-strength Ringer’s solution is a suitable 
diluent for use with Bact. lactis aerogenes. These tables establish the 
fact that reliable and reproducible values for the viable count of this 
organism can be obtained using Medium A and incubating at 20°C. to 
40°C. for 24 hours. 


TABLE X 

Goodness of fit of values of obtained from counts on sets of 

FIVE ROLL-TUBES, USING B. SUBTILIS 


Value of X* 

Expected 

1 Frequency (m) 

Observed 

1 Frequency (m-fx)j 

Difference 

(x) 

m 

Under 1 

t 

' 9 02 

1 j3 1 

3-98 

1-756 

Bei^^cen I and 2 

17 40 

11 1 

-6-40 

2-355 

Between 2 and 3 

.1 17 79 

19 

l'2l 

0-082 

Between 3 and 4 

15-18 

20 1 

4-82 

1*530 

Between 4 and 5 

n 87 

9 1 

-2-87 

0-695 

Between 5 and 6 

, 8 82 

8 

-0-82 

0-076 

Between 6 and 7 

6 33 

6 ‘ 

-0-33 

0-017 

Between 7 and 9 

7-48 

1 8 1 

0-52 

0*036 

Over 9 

. j 6-n 

1 ^ 1 

-0-11 

0-002 

X* 

= 6-549 N=8 

P = 0-5— 0-7 




This result was confirmed by another worker, who obtained the follow- 
ing results; — N=7. P—0-3-0-5. 


TABLE XI 

The errors of counting tubes on successive occasions by method (m) 


Counts 




m 190 IS7 

m 206 211 

" 205 


201 
209 207 
2t0 206 


193 
207 
203 

182 175 ISO 
209 209 210 
206 205 202 
203 203 203 
221 218 218 
232 231 229 


Variance 


t 


12 5 
6-5 
37-5 

1- 5 
4-0 

13-0 
0-5 
4-5 
0 0 
3-0 

2- 5 


Coants 


238 236 240 
218 214 219 
216 211 215 
237 234 244 
224 224 218 
230 233 228 
200 202 201 
188 189 188 
205 200 207 


!l 


<: F stantod Dmation ==2-86 
S.E, of Mean of Three Counts <=1-65 


Variance 


4-0 

7-0 

7-0 

26-S 

12-0 

T-0 

1-0 

0-5 

13-0 
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TABLE Xn 

The effect of temperature and composition of medium on the viable count 



Medium A 

Medium B 

Medium C 


Incubation Temperature 


Incubation Temperature 



m 

m 

IQ 

wa 



32°C 

37°C 

42°C 

ZO’C 


m 

IQ 



S95 

575 

659 

609 

591 

544 

553 

620 

601 

624 

416 

532 

403 

499 

B 


644 

610 

679 

60S 

603 

596 

566 

706 

626 

596 

325 

507 

403 

504 



621 

Kill 

660 

567 

603 

555 

574 

616 

657 

650 


498 

452 

429 

391 


636 

583 

658 

657 

6Sl 

591 

586 

572 

564 

653 

321 

413 

424 

501 

398 


658 

541 

693 

574 

591 

644 

564 

659 

663 


365 

549 

433 

481 

396 

Mean 

631 

572 

670 

603 

614 

586 

569 

635 

■ 

628 

347 

499 

421 

483 

362 


At 18 hours many colonies are too small easily to be seen. At 48 
hours large colonies show “ tailing.” At 24 hours colonies are all dis- 
crete and can be distinguished with ease. 


TABLE Xm 



TABLE XIV * 

Effect of duration of incubation on the viable count of mct. lactiS aeROCENEs 


period of Incubation 


Coant 


18 hours 
24 hours 
48 hours 


34 43 37 40 36 

32 41 37 40 36 

32 42 38 38 36 


Mean 


38 

37 

37 


Variance 


50 

51 
53 
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TABLE XV 

Goodness of fit of values of / obtained from counts on sets of 


Value of yf 


Under I 

Between 1 and 2 

„ 2 and J 

„ 3 and 4 

„ 4 and 5 

„ 5 and 6 

„ 6 and 7 

„ 7 and 9 

Over 9 



Observed 

frequent^ 

Diiference 

w 

m 


11 

2-52 

0-75 



3-64 

0-81 



0 28 

0 01 



-1-26 

0-U 



-1-15 

0 12 



•-4.26 

2-20. 

5*94 

5 


0 15 

7 03 

9 

1-97 

0-55 

5-74 

5 

-0-74 

0-10 


4 go. 


N = 8. 


0-7—0 g. 


TABLE XVI 

The non-destructive action of quarter-strength ringer’s solution on 

BACT. LACTtS AEROGENES 


Period of Eaposure (Minutes) 


1 V 1 

30 S 

60 

120 

180 



39g 

405 

398 

398 

ReplUaie 

403 

331 

365 

402 

4!8 

Courns 

422 

359 

383 

363 

357 


407 

406 

402 

431 

364 


400 

390 

388 

367 

408 

Mean 

j 416 

377 

389 

392 

389 


Results with Dried Powders 

The Preparation of the Spray-Dried Powders. The technique of spray- 
drying and its use for the preparation of powders containing viable 
organisms have been described by Bullock and Lightbown’^. In tht 
present work the substrate used was 4 per cent, peptone water. This 
was adjusted to pH 7-6, filtered distributed in bottles of l-I. capacity and 
sterilised by autoclaving. The contents of the bottles were inoculated 
with a quantity of the suspension of the test organism (spore suspension 
in the case of B. subtUis) calculated to give rise to a count of approxi- 
mately 2 X 10- per ml. of peptone water. The resultant suspension 
cooled m ice, was then spray-dried using an air inlet temperature of 180° 
to }90°C. for B. subtilis and of 70° to 80°C. for Bact. lactis aerogenes 
brce-flowmg powders were obtained in each case. These were stored 
over phosphorus pentoxide in a desiccator. 

RcconstUution of the Bacterial Suspension. A weighed quantity of the 
powder obtained itos dissolved in about 9 ml. of diluent (^lasldisfilS 
water in the case of B. subtihs and quarter strength Ringer? solution for 
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TABLE Xn 

The eftect of temperathrb and composition of medium on the viable covnt 



Medium A 

Medium B 

[ Medium C 

Jucubadon Tempe/atu/e 

locubation Temperature 

1 Incubation Temperature 

TO’C 

26”C 

32°C 

37°C 

42'’C 


32°C 

37°C 

42“C 

20°C 




m 


595 

575 

659 

609 

591 

544 

553 

620 

601 

614 

416 

M 

B 

Ml 

I 306 


644 

610 

679 


603 

596 

566 

706 

616 

596 

325 

507 

403 

' 504 

319 


621 

550 

660 

567 

603 

5SS 

574 

616 

657 

650 

308 

498 

452 

429 

391 


bib 

583 

658 

657 

ESI 

591 

586 

572 

564 

653 

371 

413 

414 

501 

393 



mm 

mM 

574 

591 

644 

564 

659 

663 

— 

365 

549 

433 

481 

396 

Mean 

631 

572 

670 

603 

614 

586 

569 

635 

620 

628 

347 

499 

421 

483 

362 


At 18 hours many colonies are too small easily to be seen. At 48 
hours large colonies show “ tailing.” At 24 hours colonies are all dis- 
crete and can be distinguished with ease. 


TABLE Xm 

Goodness of ftt of v* obtained from 20 repucate roll-tubes of 
BACT. LACTIS AEROGENES 



TABLE XrV 

Effect of duration of incubation onthe viable count of bact. lactis aero<senes 


' 1 

Period of Incubation j 

Cooni 1 

[ Mean 

j Variance 

18 hours 

24 hours 

48 hours ... 

H 43 37 40 36 

31 41 37 40 36 

32 42 38 38 36 

m 

50 

1 53 
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KENNETH BULLOCK, WINIFRED G. KEEPE AND E. A. RAWLINS 

required to be of minitnal chloride content for use in subsequent experi- 
ments. The two solutions were, therefore, compared by a colorimetric 
method. The powder was dissolved in such a quantity of diluent as 
would produce a solution stronger than the original solution from which 
the powder was prepared. 4 ml. of this reconstituted suspension was 
transferred by means of a sterile pipette to one cup of a Spekker photo- 
electric absorpiiometer; 6 ml. of the original suspension was placed in 
the other cup of the absoiptiometer. The two solutions were compared 
using a dark-blue filter and water was measured into the reconstituted 
suspension until it matched the original. Mixing of the diluted suspen- 
sion was effected by means of a platinum wire and the extent of the dilu- 
tion was noted. The remainder of the reconstituted suspension was 
diluted proportionately with the sterile diluent. During the process of 
spray-diying some darkening of the peptone may occur. This would 
affect the colorimetric reconstitution, increasing the dilution of the re- 
constituted suspension and causing it to have a lower count. This effect 
was investigated by spray-drying a 4 per cent, solution of peptone con- 
taining 0-5 per cent, of sodium chloride. The relative strengths of the 
original solution and a reconstituted sample were then determined both 
by the colorimetric method and by estimation of the chloride content. 
The results are given in Table XVII. 

It was considered established that the colorimetric method was sufB- 
ciently accurate. 

Percentage mortality of the organism on drying. To determine the 
effects of spray-drying on the organism in suspension viable counts were 
carried out on the suspensions fed to the dryer and the material recon- 
stituted as described in the previous paragraph. As will be seen from 
Tables XVIII and XIX, B. subtilis spores suffer up to 10 or 12 per cent, 
mortality, while onlytO-OS to 1-6 per cent, of the Bad. ladis aerogenes 
survive. 


TABLE XVn 


1 

Weight i 
Taken 1 
fe.) , 

Volume 
of Water ' 
(ml.) 1 

I Colori- 
metric 1 
Factor ' 

1 1 

1 Back 

Tilrc of 

1 Ammonium i 
i Thiocyanate i 
I Solution 1 

Titre of 

1 Sample 

1 

Chemical 

Factor 

Error of. 
Colorimetric 
Method 

Original 

Sample 1 ... , 

Sample 2 ... 

i 0-7777 
0-7563 j 

15*0 ml. 
14*0 ml. 

l-OOO 

1-000 

1-175 

i 5-5 ml. 1 
1 3-2 ml. 

I -8 mi. ( 

i )5-55mI. 

1 U-6S mi. 
17-45 mi. 

I 1-000 

, 0-945 

' 1-123 1 



20 nd. of Silver Nitrate Solution = at 05 ml. of Ammonium Thiocyanate Solution 


TABLE XVIII 

Percentage of S. subtius spores (suspended in 4 per cent, peptone water) 

KILLED BY SFRAY-DRVING AT VARlOt/S TEMPERATURES 


Temperature of 

Inlet Air 


Temperature of 

Inlet Air 

Percentase 

Mortality 


134”C. 

J50’C. 

15(fC. 

12-2 { 
0-76 

11-7 

165’C. 

181'C. 

20S‘‘C. 1 

0-0 

3-6 

0-0 
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KENNETH BULLOCK, WINIFRED G. KEEPE AND E. A. RAWLINS 

Table XXIII suggests that the organisms are not very evenly distributed 
in the powder. A further spray-drying was performed and samples taken 
and counted as before. The results are given in Table XXIV and the 
Analysis of Variance in Table XXV. 


TABLE XXn 

QUrNTUPLICATE PLATING OF 8 SAMPLES OF THE SAME SPRAY-DRIED POWDER 
(BACT. LACTrS AEROGENES) 


Sample 

I 

n 

ra 

IV j 

V 

VI • 

vn 

vm 

Weight fg.) 

1 -5284 

-4680 

•5044 

■4991 j 

•5061 

[ -4331 

1 -4037 

1 -5702 

Volume (xnl.) 

1 13-21 ; 

i 11-7 

12-61 

1 12-48 1 

12-4 1 

i 10-83 

fpggi 

13-01 


1 160 


151 1 

' 183 ' 

142 ' 

171 

I J 

1 198 


Counts 

181 

163 

* 149 

187 , 

154 ' 

166 

138 


163 

173 

1 152 

177 

146 t 

141 

[ 167 



180 

158 

140 

152 , 

148 ' 

150 

189 



180 

163 1 

154 

188 1 

158 

163 

184 


Total Counts 

864 

848 

746 j 

887 j 

1 

748 

791 

876 

759 


TABLE XXIII 

Analysis of variance of quintuplicate plating of 8 samples of the 

SAME SPRAY-DRIED POWDER (.BACT. LACTIS AEROGENES) 


Source of Variation , 

Sum of 
Squares 

( 

1 " 

Mean 
Square ^ 

L Variance 

1 Ratio 

1 ^ 

Difference between samples 

1 ; 

4100 

1 

1 7 

585-7 

1 2 505 j 

^ 0-01—0-05 

Difference between individuals 

7482 

32 

233-8 

! 


Total 

11582 

49 1 1 

1 1 



Table XXV shows that the organisms in the powder obtained from the 
drying of a suspension of Bact. lactis aerogenes were distributed very 
unevenly. The remainder of the powder was therefore placed in a sterile 
vaccine bottle together with some sterile glass beads. The bottle was 
closed by means of a rubber cap and fixed to a revolving wheel by means 
of which it was slowly rotated for a period of 24 hours. 10 further 
samples were then taken and viable counts performed as before. These 
are given in Table XXVf and the Analysis of Variance in Table XXVII. 


TABLE XXIV 

Quintuplicate plating of 10 samples of the same spray-dried powder 

(BACT. LACTIS AEROGENES) 


ample 

I 

f n 

in 

I 

IV 

1 V ' 

VT 

VII 

vin 

( IX 

1 ^ . 

Weight (g.) 

j -3170 

•2600 

1 -2345 

1 -255S 1 -2075 ^ 

•2160 

1 2355 

IBSi 

1 -2215 

j -3305 

Volume (ml.) . . 

j 9-0 

7-4 

i 6-65 

7-25 

‘ 5-9 


6-7 1 


6-3 

1 9-4 

Counts 

1 53 

I 59 , 
36 1 

52 1 

53 ; 

54 ' 
86 

71 

77 

71 

\ 55 

47 

; 54 , 

! 53 j 

1 60 1 

40 
i 38 

! 48 ] 

[ 49 1 

1 31 1 

1 46 , 

51 1 

1 56 

! 53 

58 

53 

A9 

44 

74 ; 

1 53 j 

45 
' 55 

1 fi' ! 

35 

39 

34 1 
45 

51 1 

42 

41 

49 

44 i 

' ^ ! 

35 
! 45 

46 

46 

1 44 

Total Counts 

253 j 

359 

269 j 

206 ] 

249 I 

278 ! 
1 

263 j 

204 j 

240 j 
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BACTERIAL SURVIVAL IN SYSTEMS OF LOW MOISTURE CONTENT. 

Part i 

in further experiments. Such experiments involving the exposure to 
septics and heat of both the powder itself and the powder suspended 
in oil, are in progress in this department. 

In the case of Bact. lactis aewgenes the circumstances are not so sitnple. 
Table XIX shows that between 98-4 and 99-9 per cent of the organisms 
are killed, i.e., that 0-1 to 1-6 per cent, survive, a very great variation. 
Furthermore, Table XXVni shows that the organisms die oS rapidly in 
the dry powder, a result previously reported by Bullock and Lightbown®, 
who also showed that Bact. lactis aewgenes even in powder form is con- 
siderably more sensitive to heat than the spores of B. siibtilis. Thus we 
should expect that slight variations in drying conditions around the spray 
jet and in the time during which the various portions of powder are in 
contact with the metallic surfaces of the drying chambers would have a 
considerable effect on the number of organisms surviving. It is not there- 
fore surprising to find that as shown in Tables XXIII and XXV there is 
evidence of uneven distribution of the organisms in the dried powder as 
discharged from the dryer. However, the powder is light and easily 
mixed and this treatment is shown in Table IIOCVII to result in a powder 
in which the organisms are evenly distributed. 

It would appear, therefore, that the satisfactory nature or otherwise of 
a spray-dried powder probably depends upon the resistance of the 
organism to the drying process. If the organism is resistant, as in the case 
of B. subtilis spores, the powder is eminently satisfactory for further 
work. If the organism is susceptible as in the case of Bact. lactis aew- 
genes, then the powder is not so suitable. It requires careful mixing and 
in examining the effects of heat or antiseptics on the powder, and powder 
suspended in oil, the high death rate normally associated with the 
organisms must be taken into account. Experiments are therefore in 
progress to see if a more suitable organism than Bact. lactis aewgenes 
can be found and some, more promising, results have been obtained with 
Streptococcus f^calis. Meanwhile it can be said that a powder containing 
Bact, lactis aerogenes in even distribution can be obtained and is suitable 
for use in experiments concerned with the study of environmental condi- 
tions on a relatively sensitive organism. 


SUMXIARY 


1. The technique of performing viable counts using graduated pipettes 
with roll-tubes has been examined and the accuracy of the method has 
been assessed by statistical analysis. 


2. It has been shown that satisfactory viable counts can be obtains 
of spores of B. subtilis in suspension or in powders. The spreading surfac 
r'cin, shown to have no significant effect upoi 

prwSr counts may be performed satisfactorily in^it 


soLiricd if even suspensions of B. subtilis spores 

powder ^ the reSi 
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TABLE XXVIH 

Effect of storage on count of organisms contained in spray-dried powders 


B. subtiiis 


period of Storage (Days) 

0 

11 

1 22 

1 

! '’s 

j 80 

i i 

[ IS7 

Mean Count of 5 Tubes 

129 

124 

1 126 

132 

131 

j >32 

128 

Bact. lactis aerogenes 

Period of Storage (Days) 

“ i 

6 

1 ’ 

i ® i 

13 

21 

37 

Mean Count of 5 Tubes 

1 5426 j 

743 

1 513 

i 309 j 

301 j 

200 I 

64 


Discussion 


Viable counts have always been subject to much criticism. In the last 
few decades some of the objections have been overcome. As a result of 
carrying out a large number of counts and submitting the results to 
statistical analysis it has been shown that, with certain organisms and 
using particular techniques, counts may be performed so as to give results 
reproducible within certain ascertained limits of error. Methods have 
also been elaborated for establishing the suitability or otherwise of par- 
ticular media. In the present work B. subtiiis spores and Bact. lactis 
aerogenes non-sporing organisms have been submitted to this type of 
examination. 


Tables V to X show that the medium used (Medium A, Table V), is 
suitable for B. subtiiis and that the spores can be counted accurately, the 
errors involved being no greater than the normal errors of random samp- 
ling. Having shown that satisfactory viable counts of JS. subtiiis spores 
could be performed if the spores are in the form of an even suspension, 
the next task was to examine the spray-dried powder containing these 
spores. Table XVIH shows two things. In the first place the mortality 
on drying is low and in the second place variations in the conditions of 
drying, e.g., in the temperature of the inlet air or the rate of flow of the 
liquid, have comparatively little effect on the percentage of organisms 
surviving. Thus one might expect to obtain an even distribution ot 
spores in the resultant powder since local conditions at the jet, or vana- 
tions in the length of time the powder is lodged in the machine, wouia 
not be expected greatly to alter the count of different portions 
of the powder. Further, in a previous paper it was shown that spor^ 
in dry powders were resistant to comparatively high temperatures 
has also been shown that the spores remain viable m the resent pow 
der over considerable periods of time and 

diminution in the viable count of the powder (Table ^ W t Mt i 
expected even distribution of spores m the powder is m obmmed 
is proved in Table XXI. The count variation from 
of powder is shown statistically to be accounted for J’l' ^ that 

of random sampling. It is clear from the conclusions 
.spray-dried powders containing B. siibulis spores are suitable tor 

89S 






















BACTERIAL SURVIVAL IN SYSTEMS OF LOW MOISTURE CONTENT. 

Part i 

in further experiments. Such experiments involving the exposure to anti- 
septics and heat of both the powder itself and the powder suspended 
in oil, are in progress in this department. 

In the case of Bact. lactis aerogenes the circumstances are not so sinaple. 
Table XIX shows that between 98-4 and 99-9 per cent of the org^isms 
are killed, i.e., that 0 1 to 1-6 per cent survive, a very great variation. 
Furthermore, Table XXVIII shows that the organisms die oS rapidly in 
the dry powder, a result previously reported by Bullock and Lightbown®, 
who aho showed that Bact. lactis aerogenes even in powder form is con- 
siderably more sensitive to heat than the spores of B. subtilis. Thus we 
should expect that slight variations in drying conditions around the spray 
jet and in the bme during which the various portions of powder are in 
contact with the metallic surfaces of the drying chambers would have a 
considerable effect on the number of organisms surviving. It is not there- 
fore surprising to find that as shown in Tables XXIII and XXV there is 
evidence of uneven distribution of the organisms in the dried powder as 
discharged from the dryer. However, the powder is light and easily 
mixed and this treatment is shown in Table 150CVII to result in a powder 
in which the organisms are evenly distributed. 

It would appear, therefore, that the satisfactory nature or otherwise of 
a spray-dried powder probably depends upon the resistance of the 
organism to the drymg process. If the organism is resistant, as in the case 
of B. subtilis spores, the powder is eminently satisfactory for further 
work. If the organism is susceptible as in the case of Bact. lactis aero- 
genes, then the powder is not so suitable. It requires careful mixing and 
m examining the effects of heat or antisepfics on the powder, and powder 
suspended in oil, the high death rate normally associated with the 
organisms must be taken into account. Experiments are therefore in 
progress to see if a more suitable organism than Bact. lactis aerogenes 
can be found and some, more promising, results have been obtained with 
Streptococcus fcecalis. Meanwhile it can be said that a powder containing 
Bact. lactis aerogenes in even distribution can be obtained and is suitable 
for use in experiments concerned with the study of environmental condi- 
tions on a relatively sensitive organism. 


SUNCMARY 


1. The technique of performing viable counts using graduated pipettes 
with roll-tubes has been examined and the accuracy" of the method has 
been assessed by statistical analysis. 


2. It has been shown that satisfactory viable counts can be obtained 
of spores of B. subtilis in suspension or in powders. The spreading surface 
growth of the orga^nism has been shmvn to have no significant eff^t unon 
the count and roll-tube counts may be performed satisfactorily in its 

|21 WkiwllVv* 


shown that if even suspensions of B. subtilis snores are 
nowder" ''' are evenly distributed in the resultant 


899 



KENNETH BULLOCK, WINIFRED G. KEEPE AND E. A. ^WLINS 

4. It h&s bc&n shown thst if svcn suspensions of Boct. loctis osrogcnes 
are spray-dried the viable organisms are not evenly distributed in the 
powder as taken from the spray-drier, but that an even distribution can 
be obtained if the powder is thoroughly mixed by mechanical means. 

5. The effect of storage on the viability of the organisms in peptone 
■ powders has been examined. The viable count of B. subtilis was found to 
undergo no significant diminution after 6 months’ storage, whereas the 
viable count of Bact. lactis aerogenes fell rapidly, most of the organisms 
dying within the first few days. 

6. It is concluded that spray-dried powders containing spores of B. 
subtilis are very suitable for examining the effects of environmental con- 
ditions on the spores. On the other hand, the use of powders containing 
organisms, such as Bact. lactis aerogenes, which show a high mortality on 
spray-drying, involves greater difficulties, which may be inherent in the 
problem. 

It is a pleasure to express our thanks to Professor M. S. Bartlett 
for suggestions and advice concerning the statistical treatment of the 
results reported in this paper. 
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DISCUSSION 

Miss Winifred Keepe presented the paper. 

Mr. B. a. Bull (Nottingham), deputising for the Chairman, said that 
the work described was an extension of the valuable work of Dr. Bullock 
and his colleagues on spray drying. The authors seemed to have evolved 
a suitable technique for a complex subject. 

Dr. K. R. Capper (London) said that bacteria in dust were in an 
environment of low moisture content and dust was a very probable 
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4. It has been shown that if even suspensions of Bact. laciis aerogenes 
are spray-dried the viable organisms are not evenly distributed in the 
powder as taken from the spray-drier, but that an even distribution can 
be obtained if the powder is thoroughly mixed by mechanical means. 

5. The effect of storage on the viability of the organisms in peptone 
- powders has been examined. The viable count of B. subtilis was found to 

undergo no significant diminution after 6 months’ storage, whereas the 
viable count of Bact. lactis aerogenes fell rapidly, most of the org anisms 
dying within the first few days. 

6. It is concluded that spray-dried powders containing spores of B. 
subtilis are very suitable for examining the effects of environmental con- 
ditions on the spores. On the other hand, the use of powders containing 
organisms, such as Bact. lactis aerogenes, which show a high mortah'ty on 
spray-drying, involves greater difficulties, which may be inherent in the 
problem. 

It is a pleasure to express our thanks to Professor M. S, Bartlett 
for suggestions and advice concerning the statistical treatment of the 
results reported in this paper. 


References 


1. Shaken, Amer. J. Physiol. 1909, 24, 325. 

2. Swift, J. exp. Med., 1921, 33, 69. 

3. Elser, Thomas and StefFan, J. Immunol., 1935, 28, 470. 

4. Heller, J. Bad., 1941, 41, 109. 

5. Bullock and Lightbown, Quart. J. Pharm. Pharmacol., 1947, 20, 312. 

6. Wilson, J. Bact., 1922, 7, 405. 

7. Withell, Quart. J. Pharm. Pharmacol., 1938, 11, 736. 

8. Anderson and Stuart, J. Bact., 1935, 30, 207. 

9. Miles and Misra, J. Hyg., 'Camb., 1938, 38, 732. 

10. Davis, Quart. J. Pharm. Pharmacol., 1940, 13, 14. 

11. Snyder, J. Bact., 1947, 54, 641. 

12. Berry and Michaels, Quart. J. Pharm. Pharmacol., 1947, 20, 331. 

13. Jennison, Marshall and Wadsworth,/. Bact., 1940, 39, 389. 

14. Wilson, The Bacteriological Grading of Milk, Medical Research Council, 


London, 1935. 

15. Thornton, Ann. appl. Biol., 1922, 9, 241. 

16. Bergey, A Manual of Determinative Bacteriology, Balliere Medical books, 

London, 1939, 5tb Ed., 647. . m t 

17. Topley and Wilson, Principles of Bacteriology and Immunity, Arnold, con- 

don, 1946, 3rd Ed., 1, 849. . 

18. Fisher, Thornton and Mackenzie, Ann. appl. Biol., ivll, >. j^->. 

19. Elderton, Biometrika, 1902, 1. 155. 


DISCUSSION 


Miss Winifred Keepe presented the paper. , 

Mr. B. a. Bull (Nottingham), deputising for the Chairman, ss" 
the work described was an extension of the valuable work of Dr. Bullock 
and his coUeagues on spray drying. The authors seemed to have evolved 
a suitable technique for a complex subject. 


Dr K R Capper (London) said that bacteria in dust were m an 
envtomem of low nloisluro conloM, and dm was o v« probable 
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BACTERIAL SURVIVAL IN SYSTEMS OF LOW MOISTURE CONTENT. 

part I 

source of infection. Apparently a greater number of cells developed 
from a rnedium of lo%Yer food content. It might be advisable to use a 
peptone medium containing yeast extract and not meat extract, with 
B. subtilis he had found greater or more consistent growth in liquid 
media containing yeast extract, and, in particular, in yeast autolysate 
dextrose media. The addition of manganese sulphate tended to give a 
more consistent growth. The addition of such substances might not 
increase the number of cells which actually grew to produce colonies; 
but he would like to know whether the authors had tried yeast extract 
or any type of yeast media or the addition of trace elements. When 
ceils were under favourable conditions certain parts of their enzyme 
systems were likely to be destroyed or damaged before others, and 
the composition of the medium used was then of considerable import- 
ance. He did not think that it was certain that the type of medium 
used in sterility tests was the best, or that the type of control using 
diluted 24-hour cultures was necessarily the best type of control. Cells 
which had been damaged by drying, for instance, might not grow, 
whereas fully viable cells would grow. The time of incubation was 60 
hours, but spores were liable to become dormant and to develop in 
much longer periods; he believed that Dr. Davis had found that certain 
spores developed after some weeks. There was considerable difficulty 
in keeping solid cultures in aga media for that length of time, though 
there were techniques' for doing this. 


Dr. I, Michaels (London) said that the authors by treating their 
results statistically had brought their work into line with that of 
other contributors in this field. Two important factors had been studied; 
the first was the behaviour of the sporing organism on a roll tube, and 
the second was the use of volume tests for accurate dilutions. The 
standard error of the mean of the three counts in Table III, Method (3), 
namely, 2-94, was well within the accepted limit of db 5 per cent. The 
number of organisms on the tubes was rather high, and must have been 
responsible for much tedious work. The rating of volumes was far less 
troublesome than counting numbers of groups, but the choice of tech- 
niques depended largely on the number of organisms. For compara- 
tively small numbers, such as the hundreds of thousands which the 
authors had employed, the degree of dilution was not high. However, 
when- hundreds of millions of organisms were used, as when dealing 
with bactericidal activity of disinfectants, the degree of dilution was con- 
siderable, and a technique which did not allow a high dilution at each 
stage, coupled with the employment of small but accurately determinable 
quantities, would render the overall technique unmanageable 


Mr. G R. Milne (Glasgow) asked what was the moisture content of 
the powders prepared by spray drying and stored, he thought ovS 
phosphorus pentoxide. and what was the likely effect of small 
m this moisture content on the organisms in the Sr^ried 
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human plasma, prepared by a freeze drying process, what would be the 
effect of bad sealing, and perhaps bad storage, on the content of bacteria. 

Mr. R. Maxwell Savage (Barnet) asked whether any of the experi- 
ments described had been extended to the anasrobic sparing organisms, 
because there was a very interesting ecological point involved. 
In an attempt which he made some years ago to prepare an artificial 
powder containing anterobic spores he found that they died off with 
extreme rapidity. 

Dr. K. Bullock, in reply, said that, although the authors had adopted 
statistical techniques in the present paper, they had not yet become firm 
and consistent worshippers of statistics; in fact, so far they had not used 
them, in the sense of coming to any conclusion as a result of their 
statistics which would not have been formed from a simple inspection 
of the figures. The statistical analysis, however, would be necessary 
later on, when they had to decide such matters as whether a count had 
not fallen at all or had fallen slightly. In any case the present paper 
was a preliminary one. He thanked Dr. Capper for his remarks on sen- 
sitive media. They know that some of the cells were bound to be 
damaged, but they had incubated for a long time and had tried as far 
as possible to take the matter into consideration. It was, however, some- 
thing which would have to be carefully reconsidered at various stages 
as the research developed. The moisture content of the powders in 
question when dried over phosphorus pentoxide was fully described in 
a previous paper by Mr. Wright and himself, where they' stored these 
powders, having exposed them to various aqueous pressures, and then 
recorded the fall or otherwise of the counts. They had not dealt with 
the anffirobes, because the present type of spray dryer was not suitable: 
it would be necessary to spray in a current of nitrogen. 

Miss BCeepe, replying to Dr. Michaels with regard to the number of 
organisms, said that they chose between 200 and 400 because that number 
bad been reported by previous workers to be the most suitable number. 
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PROTEIN IN MALTED PREPARATIONS 
By F. Wokes and Chloe Klatzkin 

From the Ovaltinc Research Laboratories, King’s Langley. Herts 
Received 3uiy 8, 1949 

Previous communications*--’'* from these laboratories have dealt with 
the general food value of malted preparations, particularly malted barley 
and malt extract, giving data on the content of B vitamins (ancurmc, 
nicotinic acid and riboflavine), of carbohydrates and of “ protein.” The 
present communication deals with the nature of the nitrogenous con- 
stituents included in the term “ protein.” 

The nitrogenous constituents of malt extract have received poor recog- 
nition from official. sources. The British Pharmacopoeia, 1932, specified 
a minimum protein content of 4-5 per cent, based on 6-25 times total N;, 
but the British Pharmaceutical Codex. 1934, attributed the nutritive 
action of malt extract to carbohydrates and B vitamins, ignoring the 
protein, and the United States Pharmacopoeia XII also ignored protein 
as a constituent. Since the malt extract of U.S.P. XII also contained 
10 per cent, of glycerin, giving a more readily fermentable product for 
which sterilised containers had to be prescribed, it was perhaps fortunate 
that it was excluded from the U.S.P. XIII. The 4-5 per cent protein 
minimum of the B.P. 1932, can be considerably exceeded in a got^ malt 
extract, as one of us (F.W.) showed in 1943. Nevertheless, the protein 
minimum in the B.P. 1948 has been lowered to 4-0 per cent. A moderate 
diastatic value was introduced and then almost immediately withdrawn. 
Previous workers’ have recommended the use of malt extracts with 
very low diastatic values for malt and oil manufacture, but this would 
• involve the loss of protein and B vitamins. We hope to show that the 
proteins of malt extract and of other malted preparations are of greater 
importance than these pharmaceutical divagations indicate. 


Methods 

Total nitrogen (micro-method). A quantity of material containing 
about 3 mg. of Na was heated with 2 ml. of concentrated sulphuric acid 
and a trace of mercuric sulphate and 50 mg. potassium sulphate for 
half an hour after charring had ’been completed. The cooled solution was 
placed in a micro-Kjeldahl flask. 10 ml. of 40 per cent, sodium hydroxide 
solution and I ml. of 40 per cent sodium sulphide solution were added 
and the contents of the flask were distilled with steam into 10 ml. of N/20 
sulphuric acid. The latter was boiled to remove carbon dioxide and 
^ted against N/20 s^ium hydoxide using methyl red as indicator 
The difierence betwen the reading and that given by a blank with 
reagente only lepiesented the nitrogen from the sample. The micro 
meth^ was employed to estimate minute amounts of nitrogenoS 
consutaents m germinated seeds of which only small quantitiefwere 

a'iSent^rtSS^^^ and gave good 

Salt soluble nitrogen. The method of the Association of Official 
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Agricultural Chemists® was used with 1 per cent, of sodium chloride 
mstead of 5 per cent, sodium sulphate, to minimise bumping during con- 
centration of solutions. This alteration made no difference to the results 

Non-protein nitrogen. The method of the Association of Official 
Agricultural Chemists® was used. 

Amino acids were estimated chemically by the methods described by 
Block and Bolling^. Some of these (e.g. for tryptophane) did not give 
very reliable results and our findings with them must be considered only 
tentative. However, with arginine, orib of the most important amino- 
acids in our materials, we used Dubnoff’s® modification of Sakaguchi’s 
method®, and obtained on a series of oats samples good agreement with 
results obtained at the Cereals Research Station, St. Albans, by Mr. X G. 
Heathcote, who has had considerable experience of this problem, and to 
whom we are indebted for advice and help. 

Aneurine was estimated fluorimetrically by the method^® previously 
described which has given good agreement with microbiological methods. 

Nicotinic acid was estimated colorimetrically using either para-amino- 
acetophenone^^ or pum-aminopropiophenone^® as the aromatic amine. 
Both of these gave satisfactory agreement with microbiological assays. 

Riboflavine was estimated fluorimetrically by a method” giving good 
agreement with microbiological assays. 

Diastatic index was estimated as previously described^. 

Trypsin inhibitor of soya and other foods was estimated by a modifi- 
cation of the method of Bowman^^ using skimmed milk instead of casein 
as substrate, and following the process of digestion by formol titrations. 


Results 

Differentiation of nitrogenous constituents, (a) Total nitrogenous con- 
stituents. The B.P. 1948 method estimates total nitrogen by the Kjeldahl' 
method and multiplies the result by 6-25 to determine the protein content 
of malt extract. This involves two faulty assumptions — that the factor 
6-25 is accurate for cereal proteins, and that the nitrogenous constituents 
are all protein. We have overcome both these difficulties by quoting our 
results as nitrogen instead of as protein content. On this basis Extract of 
Malt B.P. 1948 should contain at least 0-64 per cent, of total nitrogen. 
This seems quite a low limit. Our results on 37 samples from 13 manu- 
facturers, summarised in Figure 1, show that only two samples fell 
significantly below this lodger limit, but seven samples fell below the B.P. 
1932 limit. Our own samples were all well above this higher limit. 
Confirmation was provided of our previous finding that a low total 
nitrogen is usually accompanied by a low diastatic value. Data on malted 
barleys also given in Figure 1 show a similar tendency for the tota 
nitrogen content to fall with decrease in diastatic value. However, we 
think that the wide variation in the total nitrogen of malt extracts is 

probably due partly to differences in brewing conditions. 

fb) Protein nitrogen (from albumin and globulin plus less soluble 
protein). Our results in Table I show that only 12 to 44 per cent, of 
the total nitrogen content of malt extract represents true pro ein, as 
distinct from protein digestion products. 
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(c) Salt-soluble nitrogen. This figure includes nitrogen from albumms 
and globulins as weU as ttom the breakdown products of these and other 
proteins, aU of which are important in infant feeding. It therefore pro- 
\ides valuable information on the nutritive value of malted preparations. 
Our results (see Table I) show that it can var>' sigmficanUy in difiercnt 
samples. 



Diaslatic value (B.P.C.) 


Fig. 1. Relation between diastatic value and total nitrogen content of malted barley 
fmdicated thus © 0) and of malt extract {mdicated thus X ^X). 


(d) Non-protein nitrogen. This figure includes the soluble breakdown 
products of the cereal proteins, with possible slight traces of asparagine 
and glutamine (which ate important in plant metabolism^® but have yet 


TABLE 1 

DiFFERES-mTtON OF NITROGESOOS COKSTTrUENTS IN SULT EXmACT 


3C 
3B 
3D 
9B 
9 A. 
9C 
5 A 
7 A 
* A 
3A 


Sample 


Salt- 

soluble 

mtrosea 


1-60 

1-47 

0- 94 

1- IO 
0 93 
0-93 
.0-81$ 

0-74 

0*72 

0*51 


*’Noa 
protem ** 
nitrogen 


0*98 
0 9S 
0*57 
0*S7 
0*72 
0-72 
0*73 
0-56 
0-53 
0 40 


1 Albumin and 

1 globulin 1 
nltrogca 

"Less ( 
soluble ’ 
nitrogen 

1 0-62 ' 

0 OS i 

1 0-49 

0-13 , 

0-37 , 

0-07 ! 

0-23 

0-03 i 

0-21 

0-06 1 

1 0-21 

0-05 ! 

, 0-OSS 

. O-OIS J 

, 0-18 ' 

‘ 0-08 i 

! 0-19 

; 0-03 

0-11 

0-03 ' 


Total 

nitrogen 


1'6S 

1*60 

I'OI 

M3 

0'99 

0'98 

0'83 

0*82 

0*80 

0'S4 


d globt^ fitrogca— salt-soluble-noa-protdn nitrocen 
ros«=total tutrogK!-salt.«>lab!c nitroWT^ '"Wosra. 
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Agricultural Chemists® was used with I per cent, of sodium chloride 
mstead of 5 per cent, sodium sulphate, to minimise bumping during con- 
centration of solutions. This alteration made no difference to the results. 

Non-protein nitrogen. The method of the Association of OfBcial 
Agricultural Chemists® was used. 

Ajnino acids y/ere estimated chemically by the methods described by 
Block and Bolling’’. Some of these (e.g. for tryptophane) did not give 
very reliable results and our findings with them must be considered only 
tentative. However, with arginine, on'e of the most important amino- 
acids in our materials, we used Dubnoff’s® modification of Sakaguchi’s 
method®, and obtained on a series of oats samples good agreement with 
results obtained at the Cereals Research Station, St. Albans, by Mr. J. G. 
Heathcote, who has had considerable experience of this problem, and to 
whom we are indebted for advice and help. 

Aneurine was estimated fluorimetrically by the method’® previously 
described which has given good agreement with microbiological methods. 

Nicotinic acid was estimated colorimetricaUy using either para-amino- 
acetophenone^^ or para-aminopropiophenone’® as the aromatic amine. 
Both of these gave satisfactory agreement with microbiological assays. 

Riboflavine was estimated fluorimetrically by a method’® giving good 
agreement with microbiological assays. 

Diastatic index was estimated as previously described’. 

Trypsin inhibitor of soya and other foods was estimated by a modifi- 
cation of the method of Bowman’® using skimmed milk instead of casein 
as substrate, and following the process of digestion by formol titrations. 


Results 

Differentiation of nitrogenous constituents, (a) Total nitrogenous con- 
stituents. The B.P. 1948 method estimates total nitrogen by the Kjeldahl" 
method and multiplies the result by 6-25 to determine the protein content 
of malt extract. This involves two faulty assumptions — that the factor 
6-25 is accurate for cereal proteins, and that the nitrogenous constituents 
are all protein. We have overcome both these difficulties by quoting our 
results as nitrogen instead of as protein content. On this basis Extract of 
Malt B.P. 1948 should contain at least 0-64 per cent, of total nitrogen. 
This seems quite a low limit. Our results on 37 samples from 13 manu- 
facturers, summarised in Figure I, shovv that only two samples fell 
significantly below this lovl^er limit, but seven samples fell below the B.P. 
1932 limit. Our own samples were all well above this higher limit. 
Confirmation was provided of our previous finding that a low total 
nitrogen is usually accompanied by a low diastatic value. Data on malte 
barleys also given in Figure 1 show a similar tendency for the total 
nitrogen content to fall with decrease in diastatic value. However, we 
think that the wide variation in the total nitrogen of malt extracts is 
probably due partly to differences in brewing conditions. ^ 

(b) Protein nitrogen (from albumin and globulin plus less soluble 
protein). Our results in Table I show that only 12 to 44 per cent, of 
the total nitrogen content of malt extract represents true protem, as 
distinct from protein digestion products. 
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(c) Salt-soluble nitrogen. This figure includes nitrogen from albumin 
and globufins as weU as from the breakdown products of these and other 
proteins, aU of which are important in infant feeding. 

^des valuable information on the nutritive value of malted prepar^ons. 
Our results (see Table 1) show that it can var>' sigmficanUy m different 
samples. 



Diastatic value (B.P.C.) 


Fig. 1. Relation between diastatic value and total nitrogen content of malted barley 
(indicated thus © Q) and of malt extract (indicated thus X X). 


(d) Non-protein nitrogen. This figure includes the soluble breakdown 
products of the cereal proteins, with possible slight traces of asparagine 
and glutamine (which are important in plant metabolism” but have yet 


TABLE 1 

Dhterenitation of nitrogenous constituents in malt extract 


Sample 


Sail- ! "Tlon {Albumin and! "Less . 

soluble proiem” globulin 1 soluble” ! Total 

mtrogctt 1 xiiirogen | mtiogen ' mtrogcn nitrogen 



I 60 
1-47 
0*94 
1*10 
0-93 
0-93 
.0 8i5 
0'74 
0'72 
0'5I 


0*98 

0-98 

0 57 

0-87 

0 72 

0-72 

0*73 

0*56 

0*53 

0 40 


0-62 
0*49 
0-3? 
0-23 
0 21 
0 21 
0-085 
0-18 
0-19 
0-U 




0 os 

013 
0-07 
Q-03 
0-06 
O-OS 
0 015 
0-Qg 
0-08 
0-03 


I -63 
1-60 
1-01 
1-13 
0-99 
0-98 
0-83 
0-82 
0-80 
0-54 
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to be established as significant in animai metabolism). The figure pro- 
vides a useful measure of the extent of enzyme action during malting and 
brewmg. 

(e) ‘Less soluble” nitrogen. This figure represents the structural 
protein of plants, but would also include protein coagulated by beat 
during manufacturing processes. Little is yet known about its degree of 
availability to infants or its importance in infant nutrition. Our results 
m Table II show that it can vary widely in different samples, and we would 
suggest that preference be given to malted preparations in which the “ less 
soluble ” nitrogen has been reduced to a low level. 

TABLE n 

Percentage distribution of nitrogenous consittuents in total nitrogen in 

malt extract 


Percentage of total nitrogen represented by 
nitrogen from 


Sample 

— 


Albumin 

and 

globulin 

Predigested 

protein 

"Less 
soluble " 
protwn 

3C 






37 



58 


4-8 

3 B 



... 



31 



61 


S-l 

3 D 




... 


37 



56 


6-9 

9 B 






20 



77 


2-7 

9 A 






21 



73 


60 

9C 






21 



74 


5-1 

5 A 






10 



S8 


1-8 

7 A 






22 



68 


9-8 

S A 






24 



66 


lO'O 

3A 




... 

... 

20 



75 


5-5 


Protein value of malted preparations in infant feeding. 

The experience of one of us (C.K.) shows that malted preparations 
are widely employed in London hospitals as dietary supplements for 
young children, especially those who are undernourished. Whilst some 
of the nutritive virtues of these malted preparations are doubtless due to 
their vitamin content, the presence of readily assimilated protein and 
carbohydrate must be of value. As long ago as 1865 Liebig'® showed 
by experiments on his breast-fed grandsons that a deficiency in the supply 
of human milk could be made good by “Malzsuppe,” a malted infant 
food prepared by beating an aqueous extract of malted barley with wheat 
flour and milk. The milk provided about one-third of the total solids 
and two-thirds of the total protein. This led to the introduction of malt 
extract for infant feeding, and perhaps provided the inspiration for the 
Italian brewing chemist, Caprino, to devise during wartime emergencies 
milk substitutes based on malted cereals. In Italy oats are a staple 
cereal, and hence were used by Caprino, leading to the name Malte- 
vena.” Ward Perkins", a British Red Cross worker interested in the 
Italian experiments passed on the idea to U.N.R.R.A. in London and 
experiments were begun in England. Here oat flour was replaced by 
malted barley and wheat flour, and soya flour was added to improve the 
protein value, but the name “Maltavena” was still retained. A senes 
of experimental batches were made in our laboratones, and tested 
clinically on babies and physiologically on rats. The clinical tests were 
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F. WOKES AND CJiLOE KLATZKIN 

results to measure the relative protein values of different samples of malt 
and soya foods it is perhaps advisable to consider their content of B 
vitamins. In contrast with vitamins A, C and D, these were not supplied 
as supplements in all the clinical trials. Hence, if they were deficient in 
any of the samples this might have affected the growth results and thus 
confused the issue. Jeans and Marriott^® in their well-known textbook 
on Infant Nutrition, state that when infants are fed on milk substitutes 
based on soya the diet wiU need supplementing with B vitamins. Table- 
IV shows the content of aneurine, nicotinic acid and riboflavine as 


TABLE IV 

Composition of malt and soya baby food 

No. of samples examined 

Total solids per cent, w/v 

Composition of total solids : — 

Total nitrogen per cent. 

carbohydrate „ 

fat „ 

ash „ 

Ca mg./lOOg 

Fe „ 

aneurine M8*/g* 

nicotim'c acid „ 

riboflavine „ 

percentage of total calories from total niirogeir ... 

„ of total calories from soluble nitrogen 


• From over a ton of dried product which had been thoroughlymixedto ensure unifonm'ty. I>r. R. G. 
Booth’s results on the samples were in good agreement with ours. . 

t Confimaed by microbiological assays by Dr, F, W. f^orris. lo cnicuJating pcrcentasc of total calonw 
from total nitrogen and from soluble nitrogen allowance was made for lower nitrogen factors of vegetable 
* protein. 

X Most of this comes from soluble calcium salts used in the formula. 

ng./g. in the “ 10 per cent.” sample. These data have now to be com- 
pared with the actual requirements of babies, and the amounts in human 
milk, which are given in Table V on the same basis of ng./g. total solids 
of diet and of human milk respectively. The figures for aneurine and 
nicotinic acid in human milk are considerably lower than the suggested 
requirements, and it seems safer to assume that the latter are more 
reliable. The nicotinic acid figure especially has been queried by later 
workers^®. On this requirement basis our samples probably contained 


2 • 

95-0 


S4-2 

2-6 

2-6 

559 t 
6 

4-6 

lOO t 
2-3 
10 
6-0 


TABLE V 

Vitamin b value of malt and soya food and its raw materials 

I content as MC-/g- total solids 


Material 

aneurine 

Malt and soya food " 10 per cent, protein 

Human milk, solids of ‘ 

Requirements in diet of babyf 

Mall extract solids* 

4- 6 

2-4t 

5- 5 I 

2-5 to 4-5 j 


nicotinic 

acid 


riboflavine 


100 

16 

55 

100 to 150 


3 

2-7-55 

8 

2 to4-5 


Per cent, from raw materials * — 

Malt extract 

Soya 

Wheat 


J 

I 

j 


75 

19 

6 



88 

7 

3-^ 


• Results obtained in Ovahinc Research I^boraloriw. t 
Research Council *•. “. t Calculated from data by Knott. Kleiger ana bcniuw . ^ 
data of Marriott and Jeans 
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enough aneurine, and certainly supplied enough nicotinic acid, 'pcy 
may, however, have been deficient in riboflavine. Later samples have 

been fortified with this vitamin. j u .t. 

Table V shows the proportion of these B vitamms supplied by the 
difierent raw materials. It will be seen that by far the greater part of 
the vitamins comes from the malt extract. Since commercial malt 
extracts vary widely in their content of B vitamins, stress is laid on the 
importance of ensuring that this is as high as possible in any malt 
extract used in the preparation of malt and soya baby foods. This 
applies particularly to riboflavine, of which soya is rather a poor source. 
By taking sufficient care in the malting and brewing processes it is 
possible to obtain malt extracts which are considerably better sources of 
this vitamin than soya is. 

The nicotinic acid content of malt and soya foods made from malted 
barley should not present much difficulty, judging by the fairly narrow 
range in commercial malt extracts. If. however, malted barley were 
replaced by malted oats, as Caprino originally employed, the nicotinic 
acid content might be more critical. Unmalted oats contain only about 
one-tenth as much of this vitamin as unmalted barley"* and in contrast 
with the latter, the nicotinic acid content can at least double during 
germination, but will still be only one-fifth of that in malted barley. A 
similar objection applies to the use of maize in baby foods. 

Another point to be considered is the possible loss of B vitamins during 
removal or destruction of the trypsin inhibitor in soya. Our experiments 
indicated that the destruction of the inhibitor by autoclaving would 
involve losing 10 to 20 per cent, of the aneurine in the soya. Table V 
shows that this would be only 2 to 4 per cent, of the total aneurine 
in the “ 10 per cent.” sample. This loss is insignificant. Much greater 
-losses of aneurine can occur by heat treatment during the preparation 
of soya flour from soya beans. Removal of the inhibitor by extraction 
with very dilute acid as used by American workers-^ removed much more 
aneurine and also a good deal of nicotinic acid and riboflavine. 

The trypsin inhibitor of soya may also be destroyed by dry heating at 
a sufficiently high temperature. Recent work"'^ shows that such dry heat- 
ing may, if carried on long enough (say five hours), cause the protein to 
be less rapidly digested by the enzymes of the gastro-intestinal tract The 
amino-acid lysine seems to be particularly affected. 


American workers'^® suggest that with optimal processing conditions 
50 to 65 per cent of the protein in soya should be extractable with water. 
American samples of soya vary widely in their content of water-soluble 
protein, some containing practically none. In the nitrogenous constituents 
of the soya we used in manufacturing our samples abbut 20 per cent, was 
Water-soluble, which is higher than is indicated by the protein figures for 
some American samples but well below the optimum. Table n showed 
that in commercial malt extracts at least 90 per cent, of the nitrogenous 
consutuents are soluble. Smee this is a much higher proportion than 
ffie coTOsponding figure for soya, increase in the proportion of the Imter 
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about 8 per cent, after which it levels out between 7 and 8 per cent, on a 
calorie basis. Since milk substitutes are hardly ever given until after the 
first few weeks of lactation it seems fair to compare them with hiunan 
niilk containing about 8 per cent of protein (on a calorie basis). This 


TABLE Vm 

Comparison of malt and soya food with human mu-k as a source of essential 

AMNO ACIDS 


Amino-add j 

1 

" 10 per cent-** sample 

1 

'* 12 per cent,” sample 

1 

Arginine ' 

1 



L>sine 

Tyrosine 

Tryptophane 

Phenylalanine 

Histidine 

Cysline-'-Methionine 

Threonine 

Leucine 

iro-Leucine 

V alin e 


80 

68 

93 

1(W 

96 

54 

101 

76 

75 

56 


102 

90 

114 

129 

117 

62 

123 

93 

^0 



suggestion is in agreement with Jean and Marriott’s^® findings. An 
average value of 8 per cent, would imply that in Table VII the figures for 
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the “ 10 per cent.” sample could be multiplied by 1‘25 and those [or the 
12 per cent sample by 1‘5 to obtain their amino acid values as compared 
with human milk. Table \TH shows the effect of doing this. In the 
12 per cent, sample all the amino acid N-alues have been brought close 
to those of human nulk. except those for valine, tvhose importance is 
perhaps not so great, and for cystine -t- methionine, for which figures 
quoted are almost certainly too low. On this basis the protein value of 
human milk should be definitely superior to that of the 10 per cenl- 
sample, but perhaps not greatly su^rior to that of the 12 per cent 
sample. Moreover, it should be possible to prepare from cows’ milk by 
careful adjustment of the proportion of curd and whey proteins a baby 
food containing about 8 per cent, of protein (all from milk) which would 
have a protein value similar to that of human milk. The clinical data 
so far obtained are in line nith these assumptions. 

SUXtMARY 

1. The total nitrogen content of malt extract may range from 0-2 to 
1-2 per cent, but is usually v.’ell above 0-64 per cent, which corresponds 
to the B.P. 1948 minimum content of 4 per cent, (total nitrogen x 6-25). 

2. Lower diastatic values are usually associated with lower total 
nitrogen contents, the tendency being obserx'ed with malted barley as well 
as with malt extract. 

3. O! the total nitrogen of malt extract only 12 to 44 per cent, is true 
protein nitrogen. The greater part represents breakdown products of 
protein, largely formed during malting and brewing. 

4. The “less soluble” nitrogen of malt extract may range from 1-8 to 
10 per cent, of the total nitrogen, and should be reduced to as low a level 
as possible in malted preparations. 

5. In baby foods prepared from malt extracL wheat flour and soya 
flour sufficient aneurine and nicotinic acid may be derived from the raw 
materials if care is taken to use malt extract of high vitamin B content 
Fortification with riboflavine may be necessary'. If the diet is adequately 
supplemented by vitamins A, C and D the growth-promoting effect on 
babies may provide a measure of the protein value of the diet 

We are indebted to Dr. F. W. Norris for microbiological assays, to Dr. 
R. G. Booth and to Mr. J. G. Heathcote for checkhig at the Cereals 
Research Station some of our protein analyses, to Miss Hazel Williams 
for Qnorimetric estimations of aneurine, to Miss Janet Horsford for 
tectoical assistance, and to Dr. H. Chick and her coUeasues for advice 
and generous comments on our work. 
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FLUORIMETRIC AND MICROBIOLOGICAL ASSAYS OF 
RIBOFLAVINE IN MALTED PREPARATIONS 

By Chloe Klatzkin, F. W. Norris and F. Wokes 

From the Ovaltine Research Laboratories, King’s iMngley, Herts, and the 
Department of Industrial Fermentation, University of Birniingltain 

Received July 8, 1949 

In a previous communication^ we described fluorimetric and micro- 
biological assays of riboflavine in barley, malted barley and malt ex- 
tract. Whilst the two assay methods gave the same general picture for 
increases in content of this vitamin during malting and brewing, certain 
discrepancies were encountered between the results given by the two 
methods. On 4 samples of barley and malted barley, the fluorimetric 
method gave lower results (72 to 89 per cent, of the microbiological 
result), the deviation on 3 of the samples being significant. On 4 samples 
of malt extract the fluorimetric result did not deviate significantly from 
the microbiological result. On a fifth sample of malt extract the mean 
fluorimetric result was 231 per cent, of the mean microbiological result, 
a highly significant difierence. Extensive investigations have been 
carried out in our laboratories to explain these discrepancies, and show 
how they may be overcome by improvements in fluorimetric and 
chromatographic technique. 

Elvidge- reported good recoveries (84 to 105 per cent.) of this Autamin 
from 5 more potent pharmaceutical preparations (an elbdr, capsules and 
tablets) in which he estunated it fluorimetrically or spectrophotometric- 
ally. A detailed study of the spectrophotometric method was made in 
our laboratories*. Optical densities were recommended to be read at 
267 or 375 mu as well as at the maximum of 444 to 445 mu recom- 
mended by Elvidge. The importance of controlling the pH was 
emphasised, and experiments described on the development of lumiflavine 
through the action of light on alkaline solutions of riboflavine. The 
possible interference of lumiflavine fluorescence has been one of the 
factors we have had to investigate in the fluorimetric work described 
below. 

Microbiological Assays 


The method as laid down by the Analytical Methods Sub-Committee 
of the Society of Public Analysts* was almost exactly followed. It has 
been described with comments in a previous paper*. Continued experi- 
ence with the method has shown that Lactobacillus helveiicus is not on the 
whole so easy to work with as, for example. Lactobacillus arabinosus 
which is used for the apay of nicotinic acid and biotin. Difficulties are 
sometimes experienced in maintaining sub-cultures, and it would seem thaA 
the organism requires nutnhtes whose nature is not necessarily exactly 
known, but which are present in some natural products. This is further 
mdicated by the observation in recent months that there is a tendency 
to obtam less satisfactory linearity in the standard curve than k the 
curves for the assay samples. 

The egect of the presence of fats and fatty acids in samples and 
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extracts undergoing assay has long been observed, although completely 
satisfactory explanations are not as yet forthcoming (see. for example, 
Kodicek and Wordem, and Norris and Lynes®). The occurrence of fats 
as such in materials for assay need present little diflSculty since the 
sample may be quantitatively pre-extracted with light petroleum in a 
Soxhlet extractor. The assay is then performed on the fat-free product, 
and the vitamin content calculated back to the original material. Where 
the fat or fatty acids occur in lipin combinations, the position is not so 
simple. Ordinary extraction as above removes little or none of the lipin, 
and resort to more drastic treatment involves loss of all or part of the 
vitamin. In these cases it has usually been satisfactory to extract the 
hydrolysed extracts with light petroleum or, better, ether. 

Fluorimetric Assays 

We previously employed a modification of the fluorimetnc methods 
of Rubin et alJ and of HoSer et al.^ kindly given us by Dr. A. J. Amos, 
Secretary of the Chemical Panel of the Vitamin Sub-Committee of the 
Society of Public Analysts. Whilst this method as adapted for use with 
the Spekker fluorimeter gave reasonable agreement with microbiological 
assays on some foods fairly rich in the vitamin and relatively free from 
interfering substances, the Panel members did not find it satisfactory 
for malted preparations and certain other foods in which more of these 
interfering substances were present. The final conclusion of the Panel was 
that this method, although showing distinct promise, was not capable of 
general application until a more sensitive fluorimeter giving greater repro- 
ducibility was available. The Panel devised a deflection mstrument of 
the Cohen type, which provided about 4 times the sensitivity of the old 
Spekker Fluorimeter, but did not find this to be satisfactory Our own 
investigation of this instrument shows it to be unsatisfactory for ribo- 
flavine assays because of its high instrumental blank (see Table I). 

TABLE I 

Performance of different fluorimeters in riboflavine assays 

Instrumental blank 

Type of fluorimeter Relative sensitivity ^ rc/t 

per cent of F/i 


Old Spekker 
New „ 
Cohen type 
Electronic 


1 

7 

3 to 4 
63 to 73 


10 to 15 
15 

\ to 2 


-Relative sensitivities measured by deflections produced with F/1 
of each fluonmeter and the set-up of filters and cuvettes normally used in assays Results & 
panson with Old Spekker as unity ^ .m* j set uo of filters* 

^ Instnimeotal blank determined with Panel fo^ 

Cohen type fluonmeter was prototype arculatcd to membere of the Chemical t 
anunation, and was constructed to take test tubes of cuvet^ 

Electronic fluonmeter used with photomultiplier at 78 volts per stage 

Attempts have been made to overcome the difBculty by ^ 

more sensitive fluorimeter which would permit the use of , 

filters and thus eliminate non-specific fluorescence m other 
spectrum. A prototype of the new Spekker fluonmeter (Hi g 
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Watts) was found to possess still greater sensitivity, but its snstrumcntel 
blank, was still rather high. This blank has since been considerabl) 
reduced by improvements in the cuvette housing and by the use of black 
glass lids for the cuvettes. The improved instrument may, in our opinion, 
provide valuable serv'ice in ribofiavine assays, especially if it is modified 
as we have recommended to take the new electron photomultipliers. 
We have been experimenting for over 2 years on the use of the latter 
to replace barrier layer photocells, and have constructed what is probably 
the most sensitive fluorimeter so far described in this countrj’. Full 
details of this electronic fluorimeter were given to the Society of Public 
Analysts\ It employs as photoelectric detector either the' RCA l.P.2i 
or RCA 1.P.28 photo-tube or suitable British equivalents with a speci- 
ally designed power pack and stable galvanometer. Table I shows that 
the sensitivity with the photomultiplier at 78 volts per stage is 63 to 
73 times that of the old Spekker fluorimeter, and the instrumental blank 
has been brought quite low. It has given satisfaction during over a 
year’s constant use, many of the results in this paper having been obtained 
with it. 

FLUORIMETRIC METHOD 

Ail chemicals to be of Reagent or similar quality. Pyridine to be 
freshly redistilled. 

Extraction and hydrolysis. Weigh a sample containing about 25 to 
35 Jig. of nboflavine. Add 50 ml. of 50 per cent, v/v concentrated hydro- 
chloric acid and heat 'm a bo'iling water bath for 20 minutes. Cdol. 
Make up to 100 ml. with distilled water. Filter. 


Oxidation. To 30 ml. of extract adjusted to pH 4 to 4-5 with saturated 
solution of sodium acetate, add 1 ml. of 4 per cent, potassium per- 
manganate solution. If the pink colour does not persist for 1 minute, 
add further 1 ml. quantities of permanganate solution until it does. Re- 
move excess of permanganate by adding hydrogen peroxide (3 per 
cent.) drop by drop. Adjust the pH to 4-5. .Add sufficient pyridine to 
bring the concentration of pyridine to 1 per cent. 

Adsorption and elution. Prepare an adsorption column of special 
fuller’s earth 8 to 10 cm. long.* Wash the column with about 25 ml. 
of 2 per cent, acetic acid solution, followed by 15 ml. of water. Pour 
the whole of the oxidised extract through the column. Wash the column 
with I per cent, pyridine, examining in ultra-violet light, until the yellow 
band due to ribofiavine is clearly defined on the col umn Elute with 
solvent (20 per cent, pyridine in 2 per cent, acetic acid), collecting the 
yellow fluorescent eluate. Dilute to 50 ml. with solvent 


Fluoriinetry Dilute a suitable aliquot of eluate with solvent to pro 
confining about 0-15 ug. riboflavine/ml 
f m c of eluate add 2 ml. of riboflavim 

f solvent to 25 ml. (=.UR' 

^faoflavme st andard (0-5 }ig./ml.) and dilute to 25 ml f = 
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extracts undergoing assay has long been observed, although completely 
satisfactory explanations are not as yet forthcoming (see, for example, 
Kodicek and Worden®, and Norris and Lynes®). The occurrence of fats 
as such in materials for assay need present little difficulty since the 
sample may be quantitatively pre-extracted with light petroleum in a 
Soxhlet extractor. The assay is then performed on the fat-free product, 
and the vitamin content calculated back to the original material. Where 
the fat or fatty acids occur in lipin combinations, the position is not so 
simple. Ordinary extraction as above removes little or none of the lipin, 
and resort to more drastic treatment involves loss of all or part of the 
vitamin. In these cases it has usually been satisfactory to extract the 
hydrolysed extracts with light petroleum or, better, ether. 

Fluorimetric Assays 

We previously employed a modification of the fluorimetric methods 
of Rubin et aV and of Hoffer et al.^ kindly given us by Dr. A. J. Amos, 
Secretary of the Chemical Panel of the Vitamin Sub-Committee of the 
Society of Pubhc Analysts. Whilst this method as adapted for use with 
the Spekker fluorimeter gave reasonable agreement with microbiological 
assays on some foods fairly rich in the vitamin and relatively free from 
interfering substances, the Panel members did not find it satisfactory 
for malted preparations and certain other foods in which more of these 
interfering substances were present. The final conclusion of the Panel was 
that this method, although showing distinct promise, was not capable of 
general application until a more sensitive fluorimeter giving greater repro- 
ducibility was available. The Panel devised a deflection instrument of 
the Cohen type, which provided about 4 times the sensitivity of the old 
Spekker Fluorimeter, but did not find this to be satisfactory Our own 
investigation of this instrument shows it to be unsatisfactory for ribo- 
flavine assays because of its high instrumental blank (see Table I). 

TABLE I 

Performance of different fluorimeters in riboflavine assays 


Type of iJuonmeter 


Relative seositjwty 


Instrumental blank 
as 

per cent of F/I 


Old Spekker 


Cohen type 3 to 4 

Electronic - 63 to 73 ^ ^ 

j^otes — Relative sensitivities measured by deflections produced with F/1 niaxnn^ sejisin^^ 

of each fluorimeter and the set-up of fiJters and cuvettes normaJIy used in assays Kcsuits ia 
panson with Old Spekker as umty , , *i, e„n! ^.t-uo of fihcis- 

Instrumental blank determined >\ith cuvette filled with disUlIed water ^d mucal ex- 

Cohen type fluorimeter was prototype circulated to members of the Chemical ranei i 
amination, and was constructed to take test tubes instead of cuvettes 
Electronic fluorimeter used with photomultipber at 78 volts per stage 

Attempts have been made to overcome the difficulty by 
more sensitive fluorimeter which would permit the use of more se e 
filters and thus eliminate non-specific fluorescence in other o 
spectrum. A prototype of the new Spekker fluorimeter (Huge 
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fluorescence of the solvent only in the same cuvette (“solvent blank”). 
Column 7 gives the ratio of the net fluorescence to the concentration, 
and should be constant. Column 8 shows the percentage deviaUon 
of this F/C ratio from the average for the 6 riboflavine solutions. Ihe 

TABLE U 

LWEAKriY OF RESPONSE OF SPEKKER FLUORIMETER USING R.C.A.Lp.28 ELECTRON 

PHOTOMULTIPUER 


Calibrauon mth nboflaMne soki.ons at pH 3 7 matched against ^ 

using Wratten 39 and H503 pnm ary filter s and Chance s orange OY2 secondary tiller. 


1 

Concentration of 
nboBavine 

Mg /ml 

; I 

1 Mean j 
1 deivsviy 
' against | 
F/4 

Antilog 

1 density 
(AD) 

1 

I ^ 

1 1 
1 1 

Fluorcs- i 
ccncc ( 
as 
per- 
centage 
of 
r/4 

! 

Net 

F 

1 

r 

~c 

Per- ' 
ccntace 
dcvialion 
of 

F/C 

from 

n'can 

1 

1 2 

i 3 

1 4 

5 

6 

i 7 ' 

' 8 

Huoresem at zero — 
1 

' 3S7 

‘ 2 438 


243 8 

237 

i 

1 0 2 

i 

' 049 

I 248 ( 

— ! 

125 8 

119 

238 

! 


i 

1 






i 

! 18S 

1 1 541 i 

i 649 

64 9 

58-2 

233 

\'S 


436 

2 729 

366 

36 6 

29 9 

239 

! 1 

1/16 

1 665 

1 4 624 

216 

21 6 

14 9 

238 

0 7 

1/32 

’ 855 

1 7 161 

140 

14 0 

7'3 

234 

1 

Solvent blank 

1 175 

14 96 

067 

6 7 



~ 



Net F calculated b> deductmg solvent blank from gross fluorescence 


greatest deviation is 1-5 per cent, and the mean deviation 0-9 per cent. 
In further calibration experiments the mean deviation was 04 and 0*2 
per cent, (see Table III). This compares favourably with a mean devia- 


table m 

Effect of primary filters on degree of linearity, SENsrnvrrY and instrumental 
blank of electronic fluorimeter 


Pnniarv filter 

1 

Relati\e 
sensitivity 
as F/C ratio 

j Solvent blank | 
as percentage i 
of F/4 j 

i 

! 

Sensitmtj j 

solvent 1 

blank ! 

Average 
percentage 
j dcviaion 

from 

1 Uncanty 

t 

V/oods 

6 67 

1 

18 3 

\ 

\ 

0 37 

j 0 4 

Wratten 39 

2 37 

! 

6 7 

\ 

i 

0 35 


47 

1 82 

1 

3 6 

! 

0 51 

1 

j 02 


tion of 0-7 per cent, in the calibration data for 4 fluorescein solutions 
ranging from 1-25 to 6 ng./ml. published by Cohen” in 1935, and not 
unsatisfactorily with the mean deviation of about 0-2 per cent, in data 
published on 5 fluorescein solutions by Umberger and La Mer’® in 1945 
especially considering that fluorescein solutions are much more stable 
than riboflavme solutions. 

Choice oi primary’ and secondary filters. Table IE also shows the 
eflect of using diflerent primary filters, and thus varying the nature of 

Z Sm bS "rB n" reducing\f magnitude oi 

Sp Wank, lyhich influences the deviation from linearity. When 
the Woods glass filter supplied with Spekker fluorimeters was replaL 


919 


CHLOE KLATZKIN, F. W. NORRIS AND F. WOKES 

Measure the fluorescence of U, UR, S and solvent only (= SB) against 
F/4 (0 25 fig. fluorescein /ml. in phosphate buffer pH 7) separately 
in the same cuvette, using as primary filter Wratten 47 protected by 
H503 or other suitable heat-resisting filter, and as secondary filter 
Chance’s orange OY2 or other suitable fiilter. 

Calculation. Convert all densities into antilogarithms. Take re- 
ciprocals of antilog. densities for solutions weaker than the F/4 stan- 
dard. Let the results be U, UR, S and SB. Subtract SB from U, UR 
and S to obtain net fluorescence for each. Then, assuming that the net 
fluorescence is proportional to the concentration 

(S — SB) X concentration of riboflavine in 
dilution of standard 


concentration of riboflavine 
in the U dflution = 


concentration of riboflavine 
in the UR dilution = 


U — SB 

(S — SB) X concentration of riboflavine in 
dilution of standard 


UR — SB 

Calculate the concentration of riboflavine in the sample using the data 
for weight of sample taken and volume of aliquot of eluate taken. The 
result can be corrected for percentage recovery of the riboflavine added 

to UR by multiplying by — . 

percentage recovery 

Calibration of Fluorimeter. The usual method of calibrating a fluori- 
meter is to measure the fluorescence of a series of solutions, of which 
the strongest has 4 to 8 times the concentration of the weakest. If the 
fluorescence plotted against the concentration gives a reasonably straight 
line, the linearity of response is considered satisfactory over the given 
concentration range, which may be rather narrow. Thus in a recent 
papeU® a calibration curve for riboflavine was given based only on 4 
solutions ranging from 0-06 to 0-24 jtg./ml. 

Our experience of riboflavine assays has led us to believe that calibra- 
tion should be carried out over a much wider concentration range, in- 
cluding especially more dilute solutions to permit accurate evaluation of 
the blank. Moreover, we find it preferable to evaluate the linearity of 
response not visually from a calibration curve, but mathematically by 
calculating the ratio of net fluorescence to concentration of riboflavine, 
which should remain constant if the response is strictly linear. Table R 
gives details of one of our calibration experiments with the electronic 
fluorimeter. Column 2 in the Table gives the mean densities of a series 
of riboflavine solutions ranging from 1 down to 1/32 jig./ml. 
mately 0-03 [xg./ml.) as compared with fluorescein standard F/4. 
Column 3 gives the antilogs, of these densities and Column 4 the re- 
ciprocals of these antilogs, for the more dilute riboflavine solutions o 
which the fluorescence was weaker than that of the fluorescein ^anuar , 
so that the zero was set on the riboflavine. Column 5 gives the gross 
fluorescence of each riboflavine solution as percentage of t ^ 
fluorescein standard, and Column 6 gives the corresponding “““J ' 
cence, calculated by deducting from the gross fluoresc 
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fluorescence of the solvent only in the same cuvette { solvent blank ). 
Column 7 gives the ratio of the net fluorescence to the concentration, 
and should be constant. Column 8 shows the percentage^ deviation 
of this F/C ratio from the average for the 6 riboflavine solutions. The 


TABLE II 

LkEARUY op response op SPEKKER PLUORlMtltR USING r.c.a.I.p.28 electron 

PHOTOMULTIPLIER 


Calibration mth riboflarine solutions at fH 5-7 matcha^gainn nuoresecin swndard F/4 
using Wratten 39 and HS03 primary filters and Chana: s orange 07 - secondary 


(i PE./ml.) 
filter. 


1 

Concentration of * 
iiboHavint i 

Mean 

dcnsiij’ 

agaii«t 

F/4 

I 

) 

AntUos* ■ 
density ; 

1 (AD> j 

( 

1 

^ ! 

AD j 
< 

i 

Fluorcs- 1 
ccncc \ 
as f 

per- 1 
ccniagc 1 
of 

F/4 ! 

I 

i 

I 

Net 

F 

I i 

c 1 

i 

1 

Per- ' 
ccniage 
delation 
of 

F/C 

from 

mean 

I 

2 

3 ' 


5 i 

6 

7 

s 

Haoresdaat^ro : — . 
1 

•3S7 

2-438 . 

- 

243-8 

237 


0-2 

\ ' 

•049 

1-258 1 


125-8 

119 

238 

0-7 

Ribo8a*iiTne at zero: — 
i 

'38S 

i 

1-542 1 

-649 

64-9 

58-2 

233 

1-5 

i 

-436 

1 2-729 

■366 

1 36-6 

29-9 

239 

I-l 

1/16 

•665 

4-624 

•216 

21-6 

14-9 

238 

0-7 

1/32 

•855 

‘ 7-161 

•140 

14-0 

7-3 

234 

M 

Solvent blank 

M75 

14-96 

•067 

6-7 



> — 

1 


Net F calculated by deductiog sohent blank from gross fluorescence. 


greatest deviation is 1-5 per cent, and the mean deviation 0-9 per cent 
In further calibration experiments the mean deviation was 0-4 and 0-2 
per cent (see Table HI). This compares favourably with a mean devia- 


TABLE m 

EfPECT of primary FILTERS ON DEGREE OF UNEARm', SENSim'ITY AND INSTRUMENTAL 
blank OF ELECTRONIC FLUORIMETER 


Primary filter 

Relative 
sensitiWty 
as F/C ratio 

! 

SoUeat blank . 
as percentage 
of F/4 

ScuslUvity 
' solvent 
blank 

Average 
‘ percentage 

1 deviaion 

I from 

• linearity 

Woods 

6 67 

I 

18-3 I 

0-37 

i 0-4 

Wratten 39 

2'37 

6-7 

0-35 

0-7 

„ 47 

1 -82 

3-6 

0-51 

, 0-2 


tion of 0-7 per cent in the calibration data for 4 fluorescein solutions 
ranging from 1-25 to 6 ng./ml. published by Cohen” in 1935. and not 
unsatisfactorily with the mean deviation of about 0-2 per cent in data 
published on 5 fluorescein solutions by Umberger and La Mer” in 1945, 
especiaUy considering that fluorescein solutions are much more stable 
tnaxi nbofiavine solutions. 


Choice of primary and secondary filters. Table IH also shows the 
eflect of usmg different primary filters, and thus varying the nature of 

the WnnH’ \ influences the deviation from linearity \\Tien 

the Woods glass filter supplied with Spekker fluorimeters was reS 
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by a Wratten 39 filter (placed behind the H503 heat-resisting filter 
used with. the Woods) the solvent blank was reduced by about two- 
thirds, but the relative .sensitivity was also reduced in similar degree, so 
that 'the sensitivity/solvent blank ratio was scarcely altered. The mean 
percentage deviation from linearity was increased from 0-4 to 0-7, so 
there did not appear to be any advantage in using the Wratten 39 as 
primary filter. With the Wratten 47 filter the decrease in the solvent 
blank was greater than the decrease in sensitivity, the sensitivity/ solvent 
blank-ratio being raised to 0-51. Moreover, the mean percentage devia- 
tion from linearity was reduced to the low figure of 0-2. Further calibra- 
tion experiments with pure riboflavine solutions confirmed that the 
Wratten 47 filter gave better results than Wood’s glass, and did not 
show the Wratten 47A filter to possess any distinct advantage over the* 
Wratten 47. This justifies our choice of the Wratten 47 as primary 
filter. Figure 1 compares the transmission curves of these filters with 
the absorption and fluorescence spectra of riboflavine. If the fluorescence 
of riboflavine were due mainly to light absorbed above 400 mp., as pre- 
vious evidence^ suggests, then the Wratten 39 or 47 filters should give 
higher results than the Wood’s glass filter, which transmits practically 
nothing between 400 and 700 mu. In fact, however, the Wood’s glass 
gives similar results to the Wratten 39 or 47 as primary filter, suggest- 
ing that some of the fluorescence may be due to light absorbed below 
400 mg. (We have encountered some variation between different samples 
of filters. The data given in Figure 1 were obtained on the actual filters 
used in our assays.) 



Fig. 1. Transmission curves of primary (Wood’s, V/ratten 39, 47, 47A) and 

secondary (Wratten 16, Chance’s OY2) filters used m ’■‘bojtavif nuorm^c 
assays, as compared with absorption and fluorescence spectra of the vira^- 
The heavily shaded area between 200 and 500 mg represents abso^lion s^ctmm 
under the given experimental conditions, and S^trem tWtb 

and 620 m« indicates approximate position of fluorescence spec ru 
maximum at about 570 mg. 

Turning to secondary filters, these should transmit radiation com- 
sponding to the fluorescence spectrum of nboflavme but exclude * ^ 
radiation, either from non-specific fluorescence ^ 

.reflected from the lid and sides of the cuvette”. TTnt.i the flu 
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spectra of the interfering substances have been determined it is not pos-; 
sible to give a completely satisfactory theoretical basis for the selection 
of the secondarj' filters to be used in assays on malted preparations; 
However, since these preparations can exhibit marked non-specific blue 
fluorescence, it seems desirable to use a secondarj' filter which does not 
transmit blue light. Theoretically this requirement is fulfilled either by 
the Chance’s 6Y2 orange filter, which we have mainly used during 
the last 4 years, or by the Wratten 16 which Kodicek and Wang recendy 
recommended. In practice the exclusion of the blue fluorescence is not 
complete. For exclusion of reflected exciting light either the OY2 or 
the Wratten 16 filter is unsuitable for use with the Wratten 39 as primary 
filter, since the latter lets through light between 600 and 700 rau, which 
is also transmitted by these secondarj' filters. This disadvantage can 
be overcome by using Wratten 47 or 47A as primarj' filter. The com- 
binations of 47 primarj' with OY2 secondary, and of 47A primary with 
16 secondary filters seem on a theoretical basis to be the best so far 
devised, and have given in our hands as good analytical results as any 
other combination of British or American filters we have tested, includ- 
ing the Lumetron 575. However, even the best filters may not provide 
effective correction when there is a considerable amount of interfering 
substance present. Table IV shows the effect of using different filter 

TABLE IV 

EmcX OF DIFFERENT FILTER COMBINATIONS ON LNTERFERENCE OF NON-SPECIFIC BLUE 
FLUORESCENCE IN MALTED PREPARATIONS 

Filters Net deflections (cm) giten by Percentage 

interference 

' of blue 

Primary Secondary- Blue noD-spedfic RibofiaWne fluorescence 


Wood’s 

OY2 

5-35 

14-7 

23 

39 

-- 

17 2 

72-4 

24 

4? 


5-7 

26 3 

22 

47A ... 


2 6 

n-3 

25 

Wood's 

16 

4 9 

22-5 

22 

39 


25 0 

127-0 

25 

47 . 


S 2 

43-0 

19 

«A 


3-5 

lE-I 

19 

47A cal. 


3*4 

15-9 

21 


abo'c pnniars- filters w-as protected by H503 filter eicem the e 7 A .u 

H503 w-as replaced by a Calores heat resisting filtet. The numbers of fl tv 

filters, etcept OY2 whdeh U a Chance’s glass filter oi niters refer to Wratten gelatin 


combinations on a mixture of riboflavine with some of the non-snecific 

Sr P^^P^rations as described 
below. Usmg OY2 as secondary filter, no appreciable improvement in 
results was obtamed by replacing the Wood’s alass by 39 47 ^ Ita 
pnmarj' filters. Yflien Wratten 16 was used as'seronrlL, I 
0, Wr.«e„ 39 as pricao' filter led to 

eslruclm, oi nboUmmo to provide filonfa. Various procedures have 
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sample needed only 1 mi. of the 4 per cent, permanganate per aliquot 
to gi\'e satisfactory results, and 3 ml. was far too much, a malted food 
sample needed 9 ml. per aliquot. Some of our old malt extracts required 
much more than 9 ml. Table VI shows that when too little perman- 
ganate has been used, the results can be considerably improved by using 
more specific filters to eliminate interfering fluorescence. The results 
in the Table were obtained using FlorisU to remove interfering sub- 
stances as described in our method above and show that it is equally 
essential to use the right amount of permanganate. If this is done, the 
choice of more selective filter combinations becomes less important. 

(c) Phase separation. Our aqueous extracts were shaken with various 
immiscible organic solvents under the ultra-violet lamp to deteet whether 
separation of the riboflavine fluorescence from non-specific fluorescence 
was being effected. With amyl alcohol, chloroform, ether and light 
petroleum, slight separation occurred, but could not be made complete. 
V/ith benzene, diacetone alcohol and isobutyl alcohol no separation was 
detected. 

(d) Chromatographic separation. Elvidge^, using the Connor and 
Straub^-^ method, examined a number of grades of fuller’s earth and 
selected P.A. of the Fuller’s Earth Union as the most suitable. We 
tested a sample of this grade, but did not find it to give satisfactory 
purification of our materials. Other samples of fuller’s earth, also of 
alumina and of Decalso, likewise proved unsatisfactory. We then tried 
Florisil, which has been largely employed by American workers, and 
found that it removed some, but not aU, of the non-specific fluorescence 
when used as they recommend^®. Observations under the ultra-violet 
lamp showed that riboflavine is adsorbed more strongly than the inter- 
fering substances. After numerous trials we found that elution with 1 
per cent, aqueous pyridine could separate most of the interfering sub- 
stances, the procedure being controlled under the lamp. 2 per cent, 
pyridine was seen to elute riboflavine almost as rapidly as it eluted the 
interfering substances, so that complete separation could not be effected. 
We found that the adsorption of riboflavine on Florisil was equally 
effective between pH 1 and pH 6. Contrary to American workers'®, 
we did not find the adsorbed riboflavine to be removed by washing the 
column with large volumes of water. Elution with 20 per cent, pyridine 
in 2 per cent, acetic acid gave recoveries ranging from 90 to 100 per 
cent. 

Riboflavine in malt extract. On studying the history of the 5 malt 
extracts for which fiuorimetric and microbiological results were given 
in our paper', we found that the extract on which the fluonmetnc 
method save a much higher result than the microbiological method was 
in fact an old one. This led us to compare the fiuorimetric and micro- 
biological results on a series of malt extracts of different known ages, 
all stored at room temperature. The results plotted in Figure 2 sho 
a definite tendency for the fluorimetric/microbiological ratio me 
as the extracts become older. Assuming that a difference o P 
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cent betw'een the two methods was significant, then in 8 extracts less 
than 2 months old, not one showed a significant difference beWeen the 
two methods, in 8 extracts 40 to 130 weeks old, 7 gave a fluonmetnc 
result significantly higher than the microbiological resulL the aserage 
fluoiimetric/ microbiological ratio being 1*78 and in 7 extracts 3^ to ^ 
years old the fluorimetric result was always significanffy higher than the 
microbiological result and the average fluorimetric/ microbiological ratio 
was 2-64. CThe fluorimetric result on one of this last 7 was too high to 
include in Figure 2.) 

We confirmed these findings by assaying fluorimetrically and micro- 
bioloaicallv at intervals the riboflavine in malt extracts stored under 
known conditions. Figure 3 gives typical data show'ing a steady rise in 



^ Weeks stored at room temperature. 

Fig, 2. Riboflavine assays on malt extract — relation between fluorimetric and 
microbiological results after different periods of storage. 


the fluorimetric result and a steady faU in the microbiological result 
di^g 2| years’ storage at room temperatures of a malt extract fortified 
with riboflavine. Similar results are being obtained with unfortified 
malt extract and malted preparations, but, as the ribofeivine in these 
seems to be more stable, longer storage periods are needed for the micro- 
biological method to show a definite loss of the vitamin. 


Non-specific fluorescence in malt extract. When using the ultra-violet 
lamp to control our purification procedures we discovered that old malt 
extracts exhibit a marked blue fluorescence which is taken up by the 
pyndine/a^tic solvent for the riboflavine, and cannot be efficientlY 

ether. This blue fluorescence is much less marked in new malt extracts 
It ca, be developed by oxidation of ae malt extract (e“ S odd 
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potassium permanganate), a procedure which also develops it in aqueous 
extracts of barley, oats and yeast. Stronger acid extracts of these exhibit, 
before oxidation, a non-specific yellow fluorescence which seems not to 
be due to riboflavine since it is only feebly absorbed by Florisil, and is 
converted into a blue fluorescence by permanganate oxidation. These 
observations indicated that the blue fluorescence is not due to lumichrome. 
The spectrum of the blue fluorescence has been approximately deter- 
mined using the technique described by one of us (F.W.N.)8. Comparison 
of this fluorescence spectrum and that of riboflavine with the transmission 
curves of various secondary filters indicated that the Wratten 47 should 
give the greatest degree of selectivity, but could not be expected to pro- 
vide completely satisfactory correction for the non-specific fluorescence. 
Such correction was ensured by applying the chromatographic technique 
described above. 



E£^ect of varying the primary filter. Our experiments with pure ribo- 
flavine solutions described in the early part of this paper showed mu 
as “primary filter,” Wratten 47 placed behind a heat-resisting filter 
might be expected to give the best results. This expectation was con- 
firmed in assays on a series of malted Preparations and other tooo. 
The average results, summarised m Table VH, showed that ^ 

ing all the above precaufions and carefully carrying out ±e purin 
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procedures, the fluorimettic results on all the samples averaged 126 per 
cent, of the microbiological results when using Wood s glass, 107 j^r 
cent when using Wratten 39, and 105 per cent, when using Wratten 47. 
The variability in results, as indicated by the standard deviation of the 
mean, was also lowest with the Wratten 47 filter. 

Application of improved method to old malt extracts. As a final check 
on our improved method we applied it, using the Wratten 47 as primary 
filter, to a series of old malt extracts stored under known conditions for 
considerable periods of time. With our previous fiuorimetric method 
these would have given results very much higher than the microbiological 
results. It will be seen from Table VTII that our improved method gave 
on this series of old malt extracts fiuorimetric results in satisfactory 
agreement with microbiological results, and seems to have overcome the 
discrepancies earlier encountered by ourselves and other workers. (The 
table also gives details of the fiuorimetric and microbiological results 

TABLE VII 

Effect of using different primary filters in fluorimctric riboflavine assays 

1 

I Fiuorimetric result as percenlase of microbiological 
result using as primary filter behind heat-resisting filler 


Sample 



, Wood’s glass j 

...1 

Wratten 39 

Wratten 47 

Malt and soya food 

98 

97 

103 

Malt and soya food 

. . 1 174 

129 

122 

Dried yeast 

115 

102 

92 

Flour, fortified 

124 

101 

108 

Malt >casi preparation . . 

103 


94 

Malt food A . 

111 

102 

99 

„ „ B 

103 

98 

100 

„ C 

114 

1 109 

106 

Malt extract 

198 

138 

I2I 

Means 

... , 126 

1 107 

105 

Standard deviation of mean 

. 1 10-5 

1 

3-6 


TABLE Vra 

FlUORIMETRIC and KaCROBlOLOGICAL ASSAYS OF RIBOIXAVINE 3N MM.TED PKEPARATTONS 

AND OTHER FOODS 


Malt extract years old 

;; ? :: 

.. .. 4 (i; 

.. .. A 

»♦ »» 3 

,> « 3 

» i ». it 

Malted preparation O') ... 

„ (3) ... 

. » (3) ... 

« .. (3) .. 

Dried >east (4> 

Flour, fortified (4) 


Riboflavine »ig./g. 


Fiuorimetric 1 N^crobiological 


Fiuorimetric 
result as 
percentage of 
raicTobiological 


(fortified) 


— I j 

(41 Analyst 

tmd for a smgle microhiologicai assay n-as 
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on some samples mentioned in the previous table). We therefore thinV 
that the fluorimetric method we have described in this paper can be 
relied upon to give satisfactory results on different foods, including malted 
preparations, with which difficulties have previously been encountered. 

Discussion 

We have found that in devising baby foods based on malted cereals 
and soya the raw materials can provide the baby’s requirements of 
aneurine and nicotinic acid, but the content of riboflavine is more critical. 
By far the greater part of this vitamin in such foods comes from the 
malted barley, and as we have previously shown, its content of riboflavine 
can vary widely according to the efficiency of malting. Hence the 
particular need for riboflavine assays on malted products. Several years’ 
experience with microbiological assays of riboflavine has led us to believe 
that these can measure the riboflavine value of a food more accurately 
and much more conveniently than biological assays. However, in the 
routine control of daily batches of food products it is not always possible 
to wait for the results of microbiological assays, and here fluorimetric 
assays are valuable. 

With foods of high riboflavine content (e.g., liver, milk, yeast) good 
agreement with microbiological results can be provided by fluorimetric 
assays’ without resorting to chromatography for removal of interfering 
substances^®. These, however, may need treatment with a reducing agent 
such as sodium hydrosulphite or stannous chloride. These workers then 
shook their extracts vigorously with air to regenerate riboflavine, but this 
procedure was not favoured by subsequent workers. 

With foods of lower riboflavine content, including unmalted or malted 
cereals, more efficient purification has been found necessary. Decolorisa- 
tion with permanganate, as applied to lyochromes by Koschara^’ in 
1935, was employed on foods by Connor and Straub”, who also used 
supersorb, a brand of fuller’s earth as adsorbent, and pyridine and acetic 
as eluant. Amongst other adsorbents tried have been lead sulphide’®, 
superfiltroP® and Florisil®®, the two latter being special brands of fuller’s 
earth. Several workers^’’® have obtained satisfactory results without 
using adsorbents, but not on malted preparations. Difficulties in obtain- 
ing reproducible results have been reported”. We could not find any 
record of other workers using the ultra-violet lamp to check their puri- 
fication procedures, and detecting the non-specific blue fluorescence we 
have foimd in malted preparations. The fact that this fluorescence may 
be developed by permanganate emphasises the need for caution in the 
use of this reagent. The low solubility of the blue fluorescent substan^ 
in chloroform show it not to be lumichrome. It is most effectively 
been recommended for purifying extracts”. 

Summary 

1. ’Using a more sensitive fiuorimeter than has previously been de- 
scribed in this country, a method is given for estimating riboflavine m 
malted preparations which gives much better agreement with mi 
biological assays than had previously been obtained. 
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2. These preparations when oxidised with permanganate during fte 
purification procedure exhibit a non-specific blue fluorescence which in- 
terferes with the fluorimetric assay. In old samples of malt extract this 
blue fluorescence is Quite marked before permanganate treatment. The 
behaviour of the fluorescent substance with Florisil and its low solubility 
in chloroform show it not to be lumichrome. It is most effectively 
separated from riboflavine by adsorption on Florisil and careful elution 
with 1 per cent, pyridine, the process being observ'ed continuously under 
the ultra-violet lamp. 

3. Spectroscopic studies indicated Wratten 47 as a satisfactory pri- 
mary filter. Comparison of fluorimetric and microbiological results con- 
firmed this. 

4. When calculating the results of riboflavine fluorimetric assays a 
method based on the assumption that the net fluorescence is propor- 
tional to the concentration, and using solvent blanks to determine the 
net fluorescence, is preferable to the method more usual in this country 
of using calibration curves obtained by plotting gross fluorescence against 
concentration. 

We are indebted to Mr. E. J. Bowen, F.R.S., for advice, to Miss Janet 
Horsford and Mr. R. Evans for technical assistance, to Mr. G. Slaughter 
for the fluorescence spectrum of riboflavine, to Messrs. Hilger and Watts, 
Ltd., and Messrs. Kodak, Ltd., for data on the transmission of filters. 
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on some samples mentioned in the previous table). We therefore thinV 
that the fluorimetric method we have described in this paper can be 
relied upon to give satisfactory results on different foods, including malted 
preparations, with which difficulties have previously been encountered. 

Discussion 

We have found that in devising baby foods based on malted cereals 
and soya the raw materials can provide the baby’s requirements of 
aneurine and nicotinic acid, but the content of riboflavine is more critical. 
By far the greater part of this vitamin in such foods comes from the 
malted barley, and as we have previously shown, its content of riboflavine 
can vary widely according to the efficiency of malting. Hence the 
particular need for riboflavine assays on malted products. Several years’ 
experience with microbiological assays of riboflavine has led us to believe 
that these can measure the riboflavine value of a food more accurately 
and much more conveniently than biological assays. However, in the 
routine control of daily batches of food products it is not always possible 
to wait for the results of microbiological assays, and here ^aonmetnc 
assays are valuable. 

With foods of high riboflavine content (e.g., liver, milk, yeast) good 
agreement with microbiological results can be provided by fluorimetric 
assays without resorting to chromatography for removal of iuterfering 
substances^®. These, however, may need treatment with a reducing agent 
such as sodium hydrosulphite or stannous chloride. These workers then 
shook their extracts vigorously with air to regenerate riboflavine, but this 
procedure was not favoured by subsequent workers. 

With foods of lower riboflavine content, including unmalted or malted 
cereals, more efficient purification has been found necessary. Decolorisa- 
tion with permanganate, as applied to lyochromes by Koschara^^ in 
1935, was employed on foods by Connor and Straub”, who also used 
supersorb, a brand of fuller’s earth as adsorbent, and pyridine and acetic 
as eluant. Amongst other adsorbents tried have been lead sulphide^®, 
superfiltroP® and Florisil®®, the two latter being special brands of fuller’s 
earth. Several workers^’^® have obtained satisfactory results without 
using adsorbents, but not on malted preparations. Difficulties in obtain- 
ing reproducible results have been reported^®. We could not find any 
record of other workers using the ultra-violet lamp to check their pun- 
fication procedures, and detecting the non-specific blue fluorescence we 
have found in malted preparations. The fact that this fluorescence may 
be developed by permanganate emphasises the need for caution in the 
use of this reagent. The low solubility of the blue fluorescent substance 
in chloroform show it not to be lumichrome. It is most effectively 
been recommended for purifying extracts^®. 

Summary 

1. Using a more sensitive fluorimeter than has previously been de- 
scribed in this country, a method is given for estimating riboflavine m 
malted preparations which gives much better agreement with micro- 
biological assays than had previously been obtained. 
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2. These preparations when oxidised with pennanganMe during the 
purification procedure exhibit a non-specific blue fluorescence which in- 
terferes with the fluorimetric assay. In old samples of malt extract 
blue fluorescence is <|uite marked before permanganate treatment, ^e 
behaviour of the fluorescent substance mth Florisil and its low solubili^' 
in chloroform show it not to be lumichrome. It is most eSectively 
separated from xibofiavine by adsorption on Florisil and careful elution 
with 1 per cent, pyridine, the process being obser\’ed continuously under 
the ultra-violet lamp. 

3. Spectroscopic studies indicated Wratten 47 as a satisfactory pri- 
mary' filter. Comparison of fluorimetric and microbiological results con- 
firmed this. 

4. When calculating the results of riboflavine fluorimetric assays a 
method based on the assumption that the net fluorescence is propor- 
tional to the concentration, and using solvent blanks to determine the 
net fluorescence, is preferable to the method more usual in this country 
of using calibration curs’es obtained by plotting gross fluorescence against 
concentration. 

We are indebted to Mr. E. J. Bowen, F.R.S., for advice, to Miss Janet 
Horsford and Mr. R. Evans for technical assistance, to Mr. G. Slaughter 
for the fluorescence spectrum of riboflavine, to Messrs. Hilger and Watts, 
Ltd., and Messrs. Kodak, Ltd., for data on the transmission of filters. 
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be regarded as a moderate diastatic value. Before the war, when 
Canadian high diastatic malt was available, it was quite easy to obtain 
such values, but now with English barley, it was not possible to do so. 
In the Report published by the Pharmacopoeia Commission before the 
war a standard of 15° Lintner was recommended. Unfortunately, owing 
to an oversight for which he must take the major responsibility, the 
method given in the B.P. was equivalent to a diastatic value of 50, but 
even a standard of 15° Lintner was not obtainable in these days with 
any malt, except in rare samples. The same applied to the nitrogen 
figure. With English malt, unless it was possible to select samples, a 
figure of 4-5 per cent, was quite often not attainable. 

Mr. G. E. Shaw (Runcorn) asked whether the term “ soluble protein ” 
was used to denote a more or less denatured protein. Had the authors 
any evidence for the presence of animal protein factor in a malt extract, 
and, if so, did it develop during gemination? The percentage of protein 
required in a semi-synthetic diet was very different if there was a sufficient 
amount of animal protein factor present. Had the authors tried paper 
partition chromatography for the estimation of the riboflavine? 

Dr. F. Wokes, in reply, said that the diastatic value of malted barley 
depended on the barley which was available, and Canadian barley was 
higher in this respect than English barley; they had had no difficulty in 
obtaining diastatic values and protein contents considerably higher than 
the minima. On the question of the solubility test for the protein, they 
took the American method, which was a recognised one for solid soluble 
protein. 

He was not quite clear what was meant by the term “ animal protein 
factor ” as applied to vegetable protein. The suggestion had been made 
that germination might develop this so-called factor, and it was true that 
there did seem to be some increase in the biological value of the 
proteins not only of barley but of other malted cereals after they bad 
been malted. Whether that was due to the production of an animal 
protein factor, or whether it was due to the destruction of inhibitors of 
the type of the inhibitor in soya, he did not know. 

Miss C. Klatzkin, who also replied, said that they had not done any 
paper partition chromatography, because they had aimed at a quantitative 
method. With regard to the second yellow field as well as the blue 
fluorescence, they had evidence in malt extract, and more particularly in 
yeast, of a second yellow fluorescent material which was not riboflavine. 

The Chairman asked why the authors used the B.P.C. 1923 method 
for diastatic value in place of the ofhcial method. 

Dr. F. Wokes said that they had used it in the past and had simply 
continued to do so. They had done more work with the B.P.C. method 
than with the Lintner test. 

The Chairman, in bringing the meetings to a close, said that it only 
remained for him to ask the members to express their thanks to 
who had contributed papers to the Conference. The Science Sessions ha 
been exceedingly well attended, and the discussions had been mos 
valuable. 



REPORT OF A SYMPOSIUM ON THE STORAGE OF DRUGS AND 

MEDICINES 

A Symposium Session was held on Friday, September 16, 1949, at 9.30 
a.m. Dr. Norman Evers, Chairman of the Conference, presided, and 
the opening speakers were Dr. T. E. Wallis, Mr. L. H, Boardman and 
Mr. J. B. Lloyd. 

Dr. Walus said that storage must be considered in relation to the 
various departments of pharmaceutical practice, viz.; (1) cultivation 
of veaetable drugs, (2) wholesale dealing, (3) hospital practice, (4) retail 
tradeT The same commodity will often receive different treatment in 
the various circumstances, but in all of them the fundamental factors 
affecting the stored materials are the same. Special conditions arise 
&om the nature of the premises and facilities peculiar to the different 
types of organisation. To fill in the details relevant to storage in the 
different circumstances one must, therefore, rely for information upon the 
experience of those pharmacists who are familiar respectively .with 
the collecting and drying of crude drugs, with large warehouses, with 
the stock-rooms of hospitals, with the fitments of retail premises, or the 
■ packaging of goods for distribution. 

Envirommnt. The features of the environment which have a definite 


infiuence upon deterioration and storage are the following: — 1. Atmos- 
pheric humidity; 2. Temperature; 3. Light: 4. Oxygen of the air; 5. Living 
agents of destruction; 6. Odorous commodities. Of all those factors, 
humidity and temperature appear to be the most important, since they 
not only have a dkect and independent mSuence upon storage, but they 
also very largely govern the development of the numerous destructive 
living agents which abound every'where. 

Atmospheric Humidity. Moisture in the atmosphere is generally 
expressed in terms of humidity. When the atmosphere is completely 
saturated, the humidity is 100 per cent., when half saturated 50 per 
cent, and so on. H the humidity is over 75 per cent, it becomes 
dangerous in relation to storage. Under such conditions moisture is 
readily absorbed by certain chemical substances such as strong sulphuric 
acid, absolute alcohol, calcium chloride and salts of penicillin; moisture 
is also absorbed by some crude drugs such as squill, gelatin, gentian 
and digitalis. Some of the chemical substances, such as strong sulphuric 
acid and calcium chloride, will continue to absorb moisture until no 
more is present On the other hand, when the humidity is low, water 
tends to be lost by some substances, such as crystalline borax, sodium 
carbonate and sodium phosphate, which contain a large proportion of 
water of crystallisation. 


Moisture in the atmosphere is to some extent dependent upon the 
nature of the soil upon which the premises are built A clay soil retains 
much moisture, whereas sandy soils lose moisture rapidly by drainaae and 
being noHKiolloidal, they do not tend to retain much mature k loose 
«sociation with the particles of the soil as usually occurs in a clay soil 
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Temperature. Temperature may produce effects by itself; more 
frequently, however, its action is associated with other features of the 
environnient. As pointed out by Savage in 1934, absorbent cotton wool 
is subject to deterioration by heat alone; a raised temperature leads to a 
gradual loss of absorbency, due to the effect of heat in promoting a 
reorientation of the molecules of fatty acid present in the infinitesimal 
residue of cuticle left on the hairs after processing; eventually the cotton 
wool becomes entirely non-absorbent. For general storage, an ideal tem- 
perature is about 55° to 65°F. (10° to 14-5°C.) which, being slightly 
higher than the normal temperature for a great part of the year and being 
maintained constant day and night, reduces the humidity and minimises 
the risk of sudden changes of humidity. Materials so stored therefore 
remain dry and tendency to attack by vegetable and animal organisms 
is greatly reduced, because these organisms caimot exist and multiply 
without sufficient moisture. For certain substances which are liable at 
ordinary temperatures to molecular change, such as insulin, penicillin, 
vaccines and antibiotics generally, storage in a refrigerator is necessary. 
When large refrigerators are available many drugs, such as ginger and 
chamomile, which are specially subject to bacterial or insect attack, may 
be successfully stored for long periods at the low temperature provided. 

Moisture and temperature together have a combined effect upon the 
premises and upon the materials stored in them. For example, air at 
9°C. (48 °F.) contained 8-7 mg. of moisture per litre, when saturated, 
whereas it requires twice as much moisture (viz., 17-15 mg.) to saturate 
one litre of air at 20°C. (68 °F.), Marked changes of temperature occur 
with the alternation of day and night, as well as with more occasional 
sudden seasonal changes. If, then, there is a sudden change in tempera- 
ture from 20 °C. to 9°C., as when moist warm air from outside enters a 
cold room or house, the air becomes over-saturated and half the moisture 
present is thrown out in the form of water. This water is condensed 
upon the walls and ceilings as well as upon the contents of the room and 
consequently the walls stream with moisture. 

Light. Exposure to sunh'ght will remove the colouring-matter from 
many drugs, especially from those which contain chlorophyll, such as • 
leaves and herbs in general, and also from petals of flowers which 
contain anthocyanin pigments or coloured plastids. This loss of colour 
is obvious, but other changes are induced which are not visible to the 
eye and sensitive constituents such as the glycosides of digitalis, may be 
destroyed. The vitamins as a group are sensitive to light, exposure to 
which ultimately leads to their destruction. The active constituents of 
rhubarb are orange yellow in colour and gradually change under the 
influence of light to a pinkish tint, giving visual evidence of deterioration. 
Several colourless substances acquire colour by exposure to light; san- 
tonin becomes at first yellow and gradually deepens in colour till tt is 
almost black; silver nitrate also rapidly darkens in colour and phenol 
gradually becomes pink. 

O.n’gen of the Air. Oxidation of many active principles^ is brought 
about by atmospheric oxygen, as exempUfied by the resinification of 
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the caanabinoi of Indian hemp and the gradual loss of solubility in light 
petroleum of the abietic acids of colophony. Linseed oil and many 
volatile oils, notably oils of lemon and turpentine, resinify by exposure 
to the air, owing to oxidation effects. Cod-liver oil contains unsaturated 
fatty acids which break down by the action of oxygen causing both 
rancidity and resinihcation of the oil. 

Living Agents of Destruction. Moisture, temperature and oxygen 
together encourage the development of many living organisms which 
feed upon the substances stored. Moulds of various kinds are the most 
important vegetable organisms and animal pests include mites, silver 
fishes, moths, ants, small beetles and cockroaches. The most important 
factor in controlling all these living organisms is moisture, for without 
sufficient moisture protoplasm cannot retain its life and activitj'. A 
low temperature, in the neighbourhood of OX., is useful to prevent the 
development of organisms from spores and eggs, but it does not usuaUy 
destroy them. The most effective means of dealing with rats and mice 
is to make the store proof against their entrance into it; for example, 
avoid wooden floors, ceilings and roofs. 

Odorous Commodities. Substances such as valerian, garlic and highly 
perfumed soaps must be separated from one another and also from other 
materials in such a way as to prevent the communication of odours. 

General Rules for Storage. The principal items to which attention 
must be directed are the following: — 1. Construction of the store-room 
or premises; 2. Protection from dust; 3. Shelving and its arrangement; 
4. Packaging; 5. Inflammable substances. 

Construaion of the Store-room of Premises. In general, rooms should 
have concrete floors and rounded comers; any crevices should be filled 
m with cement. Wooden plank floors should be avoided chiefly because 
of the number of cracks and crevices where organisms could multiply. 
Wooden flooring is also open to penetration by rats and nuce. An 
equable temperature should be provided, usually cool; this is one reason 
why a dry cellar is often a good location for a store. 


Protection from Dust. Dust contains numerous spores and small living 
organisms, which under favourable conditions will lead to the infesta- 
tion of the stores. Dust must, therefore, be excluded as far as possible 
so as to avoid contamination from outside, and in this connection pack- 
mg-rooms should be separate from the store. Packing materials such 
as straw, hay, shavings and paper should not be in or near the store- 
bags and sacks should also be kept outside the store. Dust also collects 
in the crevices and upon the ledges, grooves and guards of machinery 
Machines used intermittently must not be left about in a dirty condition 
Shelving and its Arrangement. Stacks of shelving should be kent 
away from the waUs; the lowest shelf being about 1 foot from the floor 
and the highest 3 feet from the ceiling. This avoids contact with con- 
densed water streaming down walls, from moisture upon the floor and 
tom hot mojst ok oettr flte ceUmg,. Istod stacks ot shelving ^7,“^ 
om tie wails ate to be pretened to sieiving actuaUy against the walk! 


933 



BRITISH PHARMACEUTICAL CONFERENCE 

Packaging and Containers. Bags and sacks should be sterilised by 
some process such as heating to 150°F. (65 °C.) for 3 or 4 hours or by 
thorough washing; when filled with vegetable drugs, etc., they should 
be kept off the floor on a staging of slats, or they can be hung from 
hooks. Packages must be well closed and made of materials resistant 
to attack by insects and other destructive animals. Paper wrappings 
must be closely folded and sufficiently tightly closed to exclude moths 
and beetles seeking places to lay their eggs. Where the store permits 
access of sunlight, opaque or amber-glass containers must be used when 
light is deleterious to the contents. 

Inflammable Substances and Poisons. Inflammable substances must 
be kept in a separate store well away from the main buildings. Poisons 
must be stored so as to comply with the regulations of the relevant legal 
enactments. 

Control of Pests and Sterilisation of Premises. If premises or goods 
become infected with vegetable or animal pests, means of control and 
sterilisation must be adopted. It is better, hov/ever, to remember and 
act upon the old proverb that “ prevention is better than cure.” 

Storage, the Pharmacopma and the Codex. The 1948 British PhaT- 
macopmia places increased emphasis upon the storage of drugs and 
chemicals, for many of v/hich it gives instructions about storage ex- 
pressed in general terms. There is also the new requirement that 
“ vegetable drugs are required to be free from insects and other animal 
matter and from animal excreta.” A further item to be noticed is that 
storage over a long period results in the deterioration of many substances 
having a complex molecular structure, and in certain instances, such 
as for some of the vaccines, the period of storage is prescribed, usually 
in relation also to temperature. Requirements similar to those of the 
British Pharmacopoeia will also be appended to many of the monographs 
of the new British Pharmaceutical Codex. 

Mr. L. H. Boardman said that the storage conditions laid down by the 
British Pharmacopoeia had proved satisfactory in practice. From the 
manufacturer’s point of view, however, storage of galenicals and pharma- 
ceuticals covered a very wide variety of subjects. 

He proposed to deal with the matter under three main headings: (1) 

■ general conditions; (2) bulk containers; (3) small containers. 

1. General Conditions. Structure of the warehouse or factory. The 
drug industry includes many types of operations and utilises a great 
variety of basic materials, and these inherent factors within the industry 
should have a distinct influence upon the conditions under which drugs 
are stored. The most important sources of outside contamination are: 

(a) rodents: (b) insects, flies, cockroaches, weevils, beetles, etc.; (c) general 
uncleanliness, from storage bins, accumulation of dust, etc. 

(a) Drugs such as cascara, liquorice, senega, senna, etc., are usually 
stored as received and the term “good housekeeping,” so popular to-day, 
should be ever in the minds of those responsible for the storage of raw 
drugs. In modem buildings, concrete, brick and steel will usually prevent 
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lodents, bat with older buildings everj' effort should be made to seal all 
the entries, through pipes, etc., with wire mesh, and basements should be 
well lighted and have no dead spaces between walls, floors, etc. A 
system of pest destruction by means of a virus preparation should be 
undertaken as it is practically impossible to prevent access of rodents at 
some time or other. 

(b) Prevention of insect contamination is not easy, but cleanliness 
of the walls and floors and the use of a mixture of pyrethrum and D.D.T., 
will eliminate most insect life. 

(c) Other sources of contamination are the moulds, yeasts and various 
bacteria, and here proper sanitation in manufacturing and packaging 
and proper control of the manufacturing plant and the use of clean 
equipment will do much to prevent contamination. For storing smaller 
items and powdered drugs, metal bins of stainless steel, galvanised iron 
or black metal, with well-fitting lids, are quite suitable and preferable to 
wood bins. Ergot may prove difficult to store for a lengthy period, also 
figs and prunes which are only allocated once a year. In these cases metal 
bins with tight-fitting lids and the application of chloroform have proved 
satisfactory; also suspending a bottle of chloroform in a bin will usually 
maintain these drugs in good condition. Air-conditioning and the use 
of ozonisers are also worthy of mention. 

2. Bulk Containers. Galenicals may be stored in bulk containers of 
various materials, the chief of which are wood, stainless steel, nickel, alu- 
minium, galvanised iron and stoneware and glass-lined steel. Wood is 
quite good for storing many galenicals, oak being very suitable. Casks up 
to 200 gallons capacity can be bandied fairly easily, they stand a lot of 
knocking about, they can be fairly easily cleaned by treating with calcium 
bisulphite and hydrochloric add followed by washing and steaming. Such 
containers are suitable for storage of certain liquid extracts and infusions, 
where the alcohol content is low. Once the cask is conditioned it can be 
kept in use for many years for the same galenical. Stainless steel and pure 
electrolytic nickel make excellent storage vessels particularly for tinctures 
where the alcohol content is high and everything possible must be done 
to minimise loss. Following some years’ experience it is possible to say 
that with alcoholic tinctures containing 60 to 70 per cent, spirit, the loss 
of alcohol averages about 2 per cent, when stored in wood. 


There are many varieties of stainless steel, and galenicals over Ion<» 
periods attack some of them; or at least the appearance, aroma and 
flavour of the galenical is materially altered. Preparations containing 
methyl salicylate slowly turn pink. Oxymel of squill darkens in colom 
and the flavour alters; similar remarks apply to other preparations con- 
taining acetic acid. Ammoniated tincture of quinine does not keep satis- 
factorily. A preparation containing ammonium carbonate and seneea 
darkens considerably and the flavour alters. These remarks apply onh 
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lytic nickel is suitable for tincture of belladonna, tincture of digitalis, 
tincture of capsicum, tincture of nux vomica, tincture of opium, tincture 
of squUl, tincture of ginger, liquid extract of ipecacuanha, tincture of 
orange, ammouiated tincture of quinine, cascara preparations and com- 
pound syrup of figs. Aluminium vessels are suitable for preparations 
containing methyl salicylate and for senna preparation. Stone tanks can 
make very useful storage vessels for large quantities of materials and 
acid-resisting asphalt can be used for caulking the seams. Such vessels 
are satisfactory for storing mildly acid preparations such as oxymel of 
squill and compound syrup of ferrous phosphate, and can be easily 
cleaned. Smiilarly, acid preparations can be kept in glass or earthenware, 
but care has to be exercised in handling. Probably the ideal containers 
are glass-lined metal tanks which can be used for almost any type of 
preparation except those which are strongly alkaline. They are easily 
cleaned, nevertheless they have to be handled with reasonable care, 
otherwise the lining chips and repairs are expensive. The initial cost is 
also heavy. For solid preparations such as ointments, creams and con- 
fections, stainless steel, galvanised iron or g]azed earthenware is satis- 
factory. 

Temperature of Storage. In practice a temperature of about 60 °F. 
has proved satisfactoiy, but conditions can sometimes be varied with 
advantage, e.g., tincture of capsicum is best made and stored at a lower 
temperattire, preferably between SO'F and 40 °F. as this eliminates fatty 
matter which otherwise may deposit during cold weather. 

Time of Storage. Most liquid galenicals tend to deposit over quite 
a long period, probably due to slow coagulation of colloidal matter. 
Senna preparations are prone to deposit over a period of many months 
even when filtered repeatedly. Compound syrup of glycerophosphates 
is another preparation which may deposit after filtration, this being con- 
siderably affected by temperatiue. At temperatures exceeding 90°F., 
calcium citrate may come down and induce other salts to come down 
with it In general, galenicals should be stiUaged for periods from 1 to 6 
months in order to have them in the best condition. Even then different 
conditions in the shop can bring about changes and cause deposits. 

Sma// Containers. In most cases glass is the substance of choice, 
but many other materials are being used, such as aluminium (for tablets), 
plastic materials (for tubes and other screw-type containers), waxed 
board with screw caps (for ointments and confections), and metal tubes 
of pure tin or tin-coated lead and aluminium. For reagent bottles the 
use of polyethylene is being recommended and used particularly m 
America. Polyethylene is said to be resistant to all acids and alkalis 
up to temperatures of IfiO^F. and many organic solvents at temperatures 
up to 125'’F. There is, of course, much less risk from the point of 
view of breakage. Pure aluminium containers, preferably anodised, are 
also being reconnnended as suitable containers for concentrated hydrogen 
peroxide, stabilised by the addition of about 4 p.p.m. of sodium stannate 
or sodium pyrophosphate. Pure tin tubes are satisfactory for alniost 
all ointments and such articles as ichthammol and emulsion base oint- 
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ments A cheaiier tube is made from tin-coated lead, but as the tin 
coating is not always evenly applied pitting may occur and corrosion 
set up with subsequent damage to the contents of the tube. Aiuminmm 
tubes are not always satisfactory', particularly with certain emulsion 
bases of the saturated fatty' alcohol ty’pe. Lengthy shelf tests under 
varvins conditions should be carried out before finally adopting tin- 
coated lead tubes or aluminium. 

Althoush It may not be difficult to find a suitable container for small 
packs and to add a suitable preservative it is not always easy to obtain 
a suitable closure and finer to prevent possible chemical effect on the 
liner and cap and also to prevent fungoid growth on the liner due to 
alternate evaporation and condensation. Moulded caps of synthetic resin 
are better than enameUed metal closures. The latter frequently become 
scratched and also rust. Metal closures are, however, cheaper than 
plastic, and metal is still the most widely used material for machine- 
made caps to fit machine-made bottles. They are usually made of tin- 
plate or alumimum. On the advent of the plastic cap the double shell 
metal cap with smooth external finish was introduced. Later the 
"Umshell" type was introduced with a considerable saving in weight, 
and the design of the cap prevented the wads from falling out and to a 
large extent overcame the difficulty of rusting. For pharmaceutical 
purposes, however, the plastic cap has much to recommend it as it is 
generally more elegant m appearance. 

The following is a fist of some of the liners available with notes on their 
suitability for various purposes. 

(a) Ceresine. These wads are made from paper impregnated with 
linseed oil and combinations of certain gums and is frequently supplied 
with a combination cork backing. In general, ceresine liners are not 
recommended for preparations with a high water content as mould 
growth IS hkely to develop, but to prevent this a waxed composition 
cork backmg can be used, the w'ax containing 0 25 per cent, of nipagin 
T. Ceresine liners are suitable for solvents such as alcohols, benzene or 
turpentine 

(b) Blackol liners are suitable for mildly alkahne products such as 
milk of magnesia and emulsions and will also stand up to liquid paraffin 
but are not suitable for benzene or turpentine or preparations containing 
them Two other different liner facings are vinglite and w'hiteseal which 
stand up to stronger acids than ceresine. 


(c) Rubber. This is recommended for strongly alkalme products sucl 
as ammonia, it is also suitable for hypochlorites and tincture of ioduu 
and, when suitably treated, for penicillin and its solutions. Telecotheni 
hners have also proved very' successful for tincture of iodine in test 
recently earned out over a period of several months. 

for liners on products containino sniiits and vnE 
Me which are difficult to seal with 0 ^^ 1” ato 

tor cosmetic acams containing water or volatile oils ^ 
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(e) Alkathene. TIiese linBrs arc obtainable in two forms, as the pure 
material or as a cork agglomerate, the latter being cork dust bound 
together with alkathene. This is probably the best form of wad as it 
has greater compressibility than pure alkathene and gives a better seal 
for most purposes. Alkathene itself stands up to all the strong acids and 
is insoluble in most solvents at room temperature. Alcohol and chlorin- 
ated hydrocarbons cause some embrittlement on exposure to bright sun- 
light under tropical conditions. Alkathene is resistant to caustic alkali 
and offers complete resistance to mould growth and attack by bacteria. 
Solid polythene wads are useful for volatile solvents such as nail varnish. 
Chemically alkathene is the same as polyethylene or polythene made by 
catalytic polymerisation of ethylene under pressure. 

For many purposes ordinary cork has much to recommend it and 
waxed corks are suitable for emulsions in bulk. Puipboard and waxed 
paper discs are also suitable for viscous pastes, tablets and most dry pro- 
ducts. Many tablets are, however, packed nowadays for retail sale in 
special envelopes, particularly for export, using plastic film such as poly- 
thene or metal foil. Subaseal rubber caps are finding increasing use 
both for carboys and smaller containers, particularly for mildly alkaline 
products such as mixture of magnesium hydroxide. All articles should 
be shelf tested under varying conditions for periods of 3 to 6 months. 

Sodium benzoate in 1 to T5 per cent, solution will prevent corrosion 
of many metals, and metal objects wrapped in paper or cloth containing 
2 to 2-5 per cent, of sodium benzoate are protected; for example, steel, 
copper, brass, and soldered points; in the case of aluminium, pitting is 
prevented. Sodium benzoate incorporated into the adhesive prevents 
corrosion round the edges and underneath labels. 

Liquid extract of cascara has been known to deposit after 6 months’ 
storage at about 60°F. when the temperature is reduced by a few 
degrees. It is probably better to cool to about 40 °F. and filter to obtain 
a liquid extract free from deposit. The B.P. note requires filtration 
after 48 hours; this is not sufficient time unless a particular tempera- 
ture is specified. Liquid extract of ergot is also prone to deposit 
at low temperatme; the British Pharmacopoeia specifies that it should 
be kept at a low temperature and it is essential that the initial 
storage temperature should be low. The deposit does not appear to affect 
the ergotoxine content of the liquid extract. Tincture of capsicum 
frequently clouds and deposits at temperatures lower than 60 °F. and 
should preferably be stored at as low a temperature as possible prior to 
sending out. Compound infusion of gentian may deposit after 3 months 
storage when the temperature is slightly lowered; calcium tartrate has 
been found in the deposit and at other times crystals of hesperidm. 
Ethereal tincture of lobelia will also deposit a wax-like substance on 
exposure to cold. Simple linctus of the National Formulary may show 
in warm weather a semi-solid mass of crystals of invert sugar. A note 
resarding storage could, with advantage, be put in the N.F. 
of magnesium hydroxide B.P. has been found to take up both arseq 
and lead when stored in certain types of bottle for periods up to 3 mon 
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The linctus of codeme of the National FonnubTy tends to ferment in 
hot weather, and the products of fermentation are very objectionable to 
taste and smell. 

Mr. J. B. Lloyd said that he proposed to view the subject from the 
standpoint of Storage in the Hospital Dispensary. In spite of the fact 
that the pharmacist is increasingly called upon to handle highly complex 
substances, many of which are inherently unstable, he thought that 
storage was less important than 20 years ago. The manufacturer 
endeavoured to produce preparations which would be stable under all 
possible conditions. Penicillin was perhaps the most unstable substance 
the pharmacist had ever been called upon to handle. For quite a time 
after the drug became available, it was common practice to send out 
injections in ice chests in order to minimise the loss of activity, but 
to-day it presented little or no storage problem. The material at present 
available could be stored at room temperature almost indefinitely; 
aqueous buffered injection solutions of peniciUin-G could be stored at 
room temperature for at least 10 days, while still retaining at least 80 
per cent of their original activity. The stability of adrenaline solutions 
had undergone a similar improvement. 

The use of presen'atives and stabilising agents was not always a 
complete answer, as in many cases their use was, for one reason 
or another, undesirable. Moreover, storage often involved considera- 
tions other than the simple presen-ation of potency and strength. Pro- 
vision must be made against contamination by dust and dirt; against 
chemical reaction between container and contents; against attack by 
insects and vermin and against reaction with atmospheric gases. 
Decomposition or infection by biological agencies may also have to be 
taken into account. 

The store itself should be separate from the room in which actual 
dispensing was done. Adequate illumination, preferably natural, was im- 
portant not only for its value in minimising mistakes due to the mis- 
reading of labels, but to keep down insect pests. Steel shelving and 
tacking was preferable to the more usual timber. It was immune from 
attack by vermin, and did not provide a good foothold for climbing 
insects. More important, perhaps, was the fact that it is made in standard 
sections which may be added to at will, or transferred intact to an 
alternative site. 

Conditions of temperature and humidity are much easier to lay down 
than to achieve in practice, adequate ventilation would, in general, be 
all that was necessary. Refrigerated storage space was, of course' re- 
quired for antibiotic solutions or other biological materials. Inflammable 
liquids presented a serious fire risk, and statutory regulations must be 
observed. 


Temperature was perhaps the most important factor. The higher it 
was the greater the velocity of chemical reaction and, within well-knoum 
limits, the groutn of bacteria, moulds aud yeasts. The new Pharma 
»pa,a la>d down storage coadite for qWa large raogeTaSSSit 
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Suitable conditions for all these substances were provided in an ordinaiy 
refrigerator. At the other end of the' scale, solutions of protein hydro- 
lysates for intravenous injection appeared to keep better at more 
elevated temperatures. 

The Pharmacopoeia was becoming increasingly concerned to specify 
the type of container in which substances were to be stored. Containers 
capable of excluding air, moisture or both were now frequently de- 
manded, while the familiar “well-closed container” continued to be 
specified. 

Glass was, of course, the traditional container for pharmaceuticals. Of 
its many advantages, not the least was that of transparency. The increas- 
ing use of parenteral solutions, however, had shown that it is not quite the 
inert material it was at one time thought to be, and had laid emphasis 
on its two principal failings, namely, its tendency to give off alkali to 
the contents, and the possibility of break-down with the separation of 
spicules. Quite recently a bottle had been submitted to him containing 
a solution of sodium bicarbonate which had been stored for several 
months, and from which a considerable quantity of glass spicules were 
filtered off. Had the bottle contained an opaque mixture requiring to be 
shaken, the consequences might have been serious. This breakdown was 
most apparent in containers which have undergone a heat sterilisation 
process, and was particularly evident in solutions of sodium citrate. 

Free alkali given up to solutions from the container was provided 
for by an official limit test. The test, however, only applied to ampoules 
and similar containers of 0-5 to 25 ml. capacity. In his experience 
most ampoules available to-day passed the test, both on the whole 
ampoule and the crushed glass, but very few large containers passed 
when crushed. There was, in fact, no official specification for containers 
over 25 ml., although the United States Pharmacopoeia applies a test 
of similar sensitivity to containers of all sizes. He suggested, there- 
fore, that the test be extended in scope to containers of all sizes. Rubber 
wads, which also come into contact with the solution, varied considerably 
in quality, and here again an official standard would be of advantage. 

Metals were rapidly coming into use as materials for containers. 
Distilled water stored for 12 hours in a stainless steel container had 
been found to have taken up lead, derived from the soldered joints. He 
had recently given a trial to an alloy, “ Iconel,” containing 80 per cent, 
of nickel, 14 per cent, of chromium and 6 per cent, of steel. It was 
more resistant to acids than monel, and seemed to offer possibilities as 
a bulk container for use during the preparation of large batches of 
sterile products. So far, he had not found any traces of heavy metals 
in a number of solutions stored for long periods. Like stainless steel, 
however, it was subject to attack by the halogens. 

In these days of injections it was highly important that contamination 
from dust and dirt should be reduced to a minimum. From an exam- 
ination of filter residues, it was apparent that many substances n 
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spent at least some portion of their existence in a hessian sack. For 
soluble substances, which were filtered during the process of prepanng 
the injection, this did not matter a great deal, but in the case of insoluble 
powders it might present a serious risk. Would it not be possible for 
manufacturers to make a special “ parenteral grade ? Nothing ™ore 
than B.P. standard of purity would normally be required, but care should 
be taken to see that contamination by foreign matter was reduced to 
the lowest possible level. 

In the dispensary, dust cover stoppers should be used. Ointments 
presented a difficult problem, made worse by the traditional stone jar 
with paper cover, in which they are sent out by the wholesaler. A 
little refiection would bring to mind many instances in which packaging 
has made no progress during the last 50 years, and this in spite of 
the new and cheap materials which have become available. What 
was needed was a new approach to the problem. In the case of pro- 
prietary and branded goods, the incentives towards good packaging have 
produced remarkable results, but with the ordinary run of drugs, which 
will form the major portion of the stock of the dispensary while extem- 
poraneous dispensing continues to exist, the position is not nearly so 
good. Some minor suggestions which quickly spring to mind are the 
packing of soft extracts, storax, caramel, etc., in collapsible tubes; the 
use of stoppers containing silica gel or other dehydrating material, and 
a host of similar ideas which in the proprietary field have become com- 
monplace. 

The CHAny-iAN, in inviting discussion, pointed out that the subject of 
preservatives had been discussed a year ago. It was impossible, of 
course, to separate preservatives entirely from the question of storage. 
Contributions from younger members would be particularly welcome. 


Mr. H. M. Hirst (Scarborough) had distinct recollections of John 
■Whitfield, his chief nearly fifty years ago, coming to the shop in the morn- 
ing and going straight to the powdered capsicum bottle and shaking it up. 
He himself still did that, because otherwise a mould would soon grow 
on the surface. In recent years it had become difficult to keep linseed 
meal since now it was wanted only once in three months. Glycerin and 
rose water would not develop a fungoid growth if made with ^ycerin of 
borax instead of glycerin. Why was compound syrup o£ glycero- 
phosphates specially Hable to develop mould? Points he had learned as 
an apprentice were never to refill a half empty bottle of sal volatile or 
ammomated solution of quinine, and always to keep spirit of nitrous ether 
and hydrocyanic acid m inverted bottles. In many shops it would be 
impossiWe to carry out the suggestions which the openins speakers had 
Stt'k “d D-D-T- imed with denis was theidMl pSe 

“r"- tot .i 

at an old potato scooped out mth arsenic in it. 
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For silver fishes sodium fluoride was best. For wasps carbon disulphide 
and carbon tetrachloride were better than the dangerous cyanide. 

Mr. a. W. Bull (Nottingham) agreed with Dr. Wallis that in many 
cases humidity associated with temperature was a potent source of 
deterioration. Where moisture could get in, i.e., where air could get in, 
with fluctuation of temperature there was a constant interchange of 
atmosphere over the stored material in the container, and therefore the 
more uniform the temperature of the warehouse or stockroom the less 
would be that atmospheric exchange and the better the storage conditions. 
Many packs which to all external appearances were perefectly sealed did 
in fact permit atmospheric interchange, and that might be responsible for 
deterioration due to chemical changes where moisture started the action. 
It might also be the cause of contamination by odour if the material 
was stored near to strongly-smelling articles. It was essential to choose 
the correct cap and lining disc and to apply them in an efficient manner. 
Certain plastic caps, particularly those of larger diameter, tended to 
become loose on storage more readily than metal caps of similar dimen- 
sions. Rubber might be the source of contamination with zinc. In large- 
scale manufacture many of the tanks were of 1000 gal. capacity and 
upwards. In addition to the inside of the tank all the external fittings 
should be thoroughly cleansed — ^the measuring gauges, valves, pumps 
and pipe-lines. It must be possible to take them to pieces in units which 
were easy to handle. Valve searings should be examined regularly and 
replaced at intervals. Where large quantities of penicillin lozenges were 
produced they should be stored in a well-sealed container in an air- 
conditioned room and packaged under the same conditions. 

Mr. R. Maxwell Savage (Barnet) said that the deterioration in 
surgical dressings arose from the surface chemistry of the fibre, and in 
particular the orientation of the fatty matter which was present. Its occur- 
rence in any particular sample of cotton wool was almost impossible to 
forecast. A sample which from analysis might be expected to deteriorate 
quickly might remain perfectly absorbent for 7 to 10 years, while another 
sample which seemed to be almost identical might change in a few months. 

A low temperature was better for storage. This problem was more trouble- 
some in tropical climates than in temperate climates. There was probably 
sufficient scientific knowledge in existence to stop the trouble altogether, 
and the real barrier was commercial. Once the article was properly 
sterilised and packed it was likely to remain sterile. These articles were 
apt to accumulate dust, and if that happened it was not reasonable to 
expect the package still to retain its sterile condition when opened by the 
user. 

Mr J. H. Oakley (London) said that Lithcote, a plastic materiah 
was very economical for some purposes which did not require high 
precision standards: it had the disadvantage of chipping readily, but 
with containers which were carefully handled it gave a satisfactory lining* 
The polythene type of plastic was easily sprayed on, and gave a satis- 
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factory Imitia. Imtially it was more expensive than Lithcote but less 
liable to chip“ It was soft and readily scratched. Spayed metal— a mM 
steel container sprayed with tin or stainless steel— had not proved quite 
so successful in practice as had seemed likely. Stainless steel was peful 
for a variety of preparations of different pH, pkaline or acid. Polish 
greatly influenced the non-reactiveness of the stainless steel. Mpy stain- 
less steels rusted if they were not highly polished. A chemical reacUon 
seemed to be set up which pitted the stainless steel, not only shortemng 
the life of the vessel but also giving impurities to the products which 
were being mixed in the steel container. In the storage^ of galenicals, it 
was important that the preparations should be issued in chronological 
order. Plastic wads were not very resilient and the caps tended to become 
loose or did not form an effective seal. 

Mr. R. W. Gillham (Leeds) referred to the bulk paclmig of ointments. 
Earthenware pots and paper covers were untidy and difficult to manage 
and his firm had recently adopted waxed card containers. These were 
unsuitable for some types of ointment, such as those with aqueous bases 
and with volatile constituents like methyl salicylate, but in general they 
were satisfactory for ointments with paraffin bases. Ointment of yellow 
mercuric oxide that had been packed in waxed card containers had been 
found to discolour in sunlight. The darkening was found by experiment 
to be due to the blue end of the spectrum. The same thing occurred even 
with opal glass containers and they had to go back to the old-fashioned 
earthenware pot. If a parchment cover was used it let the light through 
and the ointment became discoloured. Another curious example 
of the effect of light was with a batch of liquid paraffin which 
developed a peculiar odour and taste and a pale straw' colour. 
Many makes of rubber stopper were unsuitable for iodine bottles. 
Brushes having aluminium stems were unsuitable; the aluminium very 
rapidly combined with the iodine. Little had been said about strong 
smelling drugs. Infants’ and invalids’ foods stored in cardboard con- 
tainers should be well segregated from strong-smelling drugs. Selling 
goods in the correct time order was very important. This was emphasised 
in the training of apprentices, but qualified pharmacists were not always 
free from blame. Sometimes drugs were returned as unsatisfactory and 
credit was asked for them, but the batch number showed that they were 
made 6 or 7 years before. The top fermentation which sometimes 
occuned in syrups was very troublesome. Originally the liquid miaht 
be strong enough in sugar to prevent fermentation, but evaporation from 
the top layer, followed by condensation, gradually weakened the ton 
layer and moulds developed. One remedy was to shake the bottles eveiw 
day, as Mr. Hirst suggested should be done with capsicum. A not verv 
satisfactory remedy when there were thousands of bottles. ^ 

apply .0 a ’“SeS 

943 



BRITISH PHARMACEUTICAL CONFERENCE 

containing ethylenediamine, /Jam-aminosalicylic acid and some of the 
sulphones. Storage problems in hospitals were of two types, bulk storage 
and storage in wards. Mention should also be made of containers issued 
to patients. It was desirable to try as far as possible to get a uniform type 
of storage container for the wards, with adequate labelling. The out-patient 
dispensaiy frequently gave out drugs which were to be kept by the patient 
for a month, and sometimes longer. Generally they used waxed card- 
board containers for ointments, and often for tablets. Some of the waxed 
cartons were not suitable for hydrous ointment and other oil-in-water 
preparations, and also, for many tablets, such as tablets of acetyl-p- 
methylcholine. 


For bulk storage, mobile shelving (RoUstores) was particularly useful. 
It was possible to fill a whole storage room with lines of these mobile 
shelves as long as a gangway was left. Stainless steel metal bins on casters 
were very useful. They could be pushed under a section of the metal 
shelving, and wheeled out when wanted. It was possible to get behind 
them for cleaning and to prevent insects and so on. Unifonnity of 
appearance of storage containers in the pharmacy itself was of importance. 
Tablet containers which resembled a book about the size of the B.P., 
with a space for a label, made it possible to store large quantities of tablets 
in a small space. They had found a series of metal trays very useful 
for ampoules and small proprietaries. Each tray would take a couple 
of boxes of a certain size of ampoule and could be labelled and put in a 
cupboard, where they were easily accessible. With regard to the question 
of standards for blood bottles, a committee had been set up three years 
ago and had held sporadic meetings. It was hoped to standardise -J-Iitre 
and 1 -litre blood bottles, of the same height and neck dimensions, so as 
to have a standard bottle for any transfusion fluid. The trouble had been 
the glass itself. 


Miss V, W. Burrell (Pinner) said that in a great many cases dis- 
coloration on storage was due not only to adverse conditions of tem- 
perature, oxidation and moisture, but also to traces of heavy metals such 
as copper and iron. Ascorbic acid, aneurine hydrochloride and ethyl 
oleate were instances. Sometimes the connecting bends or screws used in 
stainless steel vessels were made of brass and not entirely stainless, and 
this could easily be overlooked. In solutions for injection, where the pre- 
vention of discolouration was important. Seitz pads were responsible for 
traces of iron and, particularly, of calcium which caused precipitation with 
ethanolamine oleate. Calcium and zinc from rubber stoppers caused 
turbidity. Polyvinyl chloride liners would withstand steaming. Poly- 
thene did not stand temperatures above 100°C. 


Mr. R. L. Stephens (Brighton) said that plastic caps made with wood 
flour as a filler absorbed water in high humidity and gave it off in low 
hurm’dity, causing a dimensional change which might be as great as 4 per 
cent and which was quite sufficient to cause loosening. In that respect, 
metal caps were superior and when using the latter it was necessary o 
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required in the B.P. test for oxidisable matter increased about tenfold 
after the water had been autoclaved in contact with the rubber caps and 
with the rubber tubing used iu the drip apparatus. 

Mr. R. H. Henriksen (London) referred to recent experience with 
“ surplus stock ” cotton wool. It was in good physical condition, but had 
completely lost its absorbency. In similar cases of long storage he was 
sure that manufacturers would be very pleased to have material returned 
to them. 

Mr. S. Cannell (Ashton-under-Lyme) said that he could confirm that 
water sterihsed in containers closed with rubber caps no longer passed the 
B.P. test. Penicillin solutions which were passed through rubber tubing, 
as in a drip apparatus, lost potency, and if water sterilised in rubber 
capped bottles was used for the preparation of penicillin solutions they 
might deteriorate more rapidly. 

Mr. E. H. Reid (Dagenham) asked whether Mr. Boardman had any 
experience of accelerated storage tests. 

Dr. W. Mitchell (London) said that the remedy for silver fish was 
pyrethrum as a spray or aerosol. In general, pyrethrum was extremely 
valuable and, if it was applied as an insecticidal fog it pene- 
trated into the crevices, but its effect was not persistent. Some 
drugs had a concealed infestation. Calabar beans could look quite 
sound and yet be empty. The ideal plant for handling and 
storage was glass-lined steel or enamelled cast-iron in conjunction 
with glass pipe-lines. It was expensive and it was necessary to be careful 
about the many gaskets used in the pipe-lines. More care was necessary 
when using stainless steel, which was the next best thing. One had to be 
careful that the fabricator did not solder the seams, and that the fitters, 
or even the maker of the plant, did not introduce zinc or lead washers 
or brass screws. Lithcoting was a valuable and cheap process and did 
not chip so badly as some people had suggested. 

Dr. G. E. Foster (Dartford) referred to labelling . It was very difficult 
to stick a label on a sheet tin container so that it would not come off. 
They had tried many glues and pastes, but had not been able to find one 
which was suitable. 

Miss O. B. Fletcher (London), referring to the difficulty of citrate 
solutions forming glass spicules, said she had found that a successful 
preventive was the addition of 0-05 per cent, of citric acid to the original 
solution. 

Dr. E. F. Hersant (Dagenham), asked over what period the loss of 
alcohol had been 2 per cent. It was with the larger size of wide- 
mouth bottles that the loosening of plastic caps was most noticeable, and 
he thought that it was due to changes of temperature and the difference 
in the coefficient of expansion between the cap and the glass bottle. 
That was borne out by the fact that it was mostly in the tropics that these 
complaints arose. 
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Mr. V. Reed (London) said that paraffin emulsions, when stored in the 
shop, seemed to develop mould more rapidly ffian in the case ot the 
emulsion with phenolphthalein. He would like to know whether 
pyrethnim lost its activity when stored in ordinary' conditions, as m the 
shop round. Some chemists stored it in paper or cardboard cartons. 

Dr. J. M. Rowson (London) said that his experience of the storage of 
many hundreds of drugs was that by' far the best container w^ the ground 
^ass stoppered jar. Museum jars containing highly susceptible vegetable 
drugs had retained their contents in good condition for a very' long time. 
Next to that he would put the Bakelite capped bottle as exceedingly 
efficient, especially for powders. Waxed and brown paper coverings were 
very unsatisfactory. For the storage of crude drugs in ordinary' drawers, 
he had had tin containers made in three sizes, with the largest size there 
were four tins in the drawer; the next size diwded that longitudinally so 
as to get eight tins in, and the next, divided also traversely’, got sixteen 
in. To prevent insect infestation in, for example, belladonna and henbane 
he put 1 ml. of chloroform into each container. Perspex containers were 
useful, particularly for museum demonstration purposes. It was a method 
of display that the retail pharmacist could use more. 

Mr. Spearman (Birmingham), in connection w’ith kaolin poultice, said 
that the makers of antiphlogistine used to put it in aluminium containers, 
and one could get aluminium containers holding about 1 lb. quite cheaply. 
They had found that polyvinyl chloride protected rubber satisfactorily 
against oils for 6 months. 


The Chairman said that not much had been said about fermentation, 
which, especially during the hot summer, had been most troublesome. 
Some yeasts would grow in very hi^ concentrations of sugar, but the 
general cause was that mention^ by Mr. Gillham — condensation in the 
upper part of the container forming a dilute solution on the top of the 
liquid. Fermentation, however, might not always be caused by yeast, and 
they had had a case recently of its being caused by a bacterium in. malt 
extract. The gas produced might not always be carbon dioxide. Some 
time ago they had a case of fermentation in a preparation of malt extract 
and hemoglobin which was caused by nitrogen-producing omanisms. 
Rubber caps were made from an extraordinary''\’ariety of ingredients, the 
rubber content vary'ing from about 20 per cent, up to nearly” pure rubber, 
and the manufacturers were very' secretive about what they put in. 


Dr. T. E. Wallis, replying to the discussion, said that penetration of 
bags by dust, due to variations of temperature, was an important point 
Museum cases were usually made “dustproof ” (so called). Thev had 
some m the Society’s Museum, and found that when central heatin'^' was 
mtroduced they became particularly inefficient One of the main reasons 
for that v^-as. he thought that there was a much nreater altSS S 
temperature inside ffie cases, which resulted in smaU curreS oTafr 
going through exceedingly smaH cracks and producing a deposit of vety 
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fine dust over everything, which was difficult to deal with. He thought that 
- the reference by Mr. Whittet to steel shelving and steel containers, pro- 
vided a very useful hint on how some pharmacists could considerably 
improve their storage conditions. He would associate with that the 
remarks of Dr. Rowson about the storage of drugs in tins as one of the 
best ways of keeping insect pests away from specimens.' Storage of things 
like starch and chamomile in open drawers in shops was quite common, 
and caused deterioration. Dust and moisture got in and led to a good 
deal of spoilage of stock. The most important precaution to take against 
silver fish was to keep the place absolutely clean, and if they were found, 
empty the place out and whitewash it. That was mn old-fashioned 
remedy, but it was quite a good one. 

Mr. L. H. Boardman, who also replied, said that wood floors could 
always be covered with acid-resisting asphalt, which made a very satis- 
factory surface. Humidity and temperature were the most important 
factors. He thought that 60 per cent, humidity was a fairly reasonable 
figure to work to. Ozonisers were useful to eliminate smeUs; they had 
tried them recently and found them very satisfactory. They too had 
found that plastic caps tended to become loose more than metal caps, 
and he thanked Mr. Stephens for his explanation. It was no use buying 
a stainless steel tank for storage purposes unless it was welded with the 
material of which the tank was made. If they were soldered, they were 
not stainless steel tanks. 

Some types of rubber stoppers had proved satisfactory for tincture of 
iodine over 4 to 6 months. They had found Telcathene very satisfactory, 
and better than an)Thing else so far. He had not had any experience of 
spraying metals except for repairing copper pans, and he had not been very 
satisfied. He always asked for stainless steel containers rough polished 
or smooth polished, as the case might be. He was not sure that that was 
the answer to the problem of keeping these in good condition and helping 
the storage, but it might be part of the answer. Galenicals were always 
sent out in chronological order, and that was very important. If old 
stocks were foimd in the pharmacy he did not think that any blame 
could be attached to the manufacturer or wholesaler. Polythene and 
jork dust made good liners, because they were more resilient that the 
pol 3 Thenes themselves. They had found in the past that mercuric oxide 
from various makers discoloured, traces of metals probably catalysing the 
change. They had never found liquid paraffin to go wrong, but there 
was no doubt that the emulsion of the N.F. did go off very quickly, and 
in his opinion it had not nearly enough preservative in it. The B.P. 
emulsion contained two preservatives, and in a much bigger proportion 
than that of the N.F. 

He recounted an experience of spontaneous chemical reaction in some 
tablets of ammonium chloride and sodium nitrate when packed in a large 
waxed container. He would like to thank Mr. Stephens for his excellent 
discourse on plastics, from which he had obtained quite a few hints. Dr. 
Mitchell spoke highly of pyrethrum. It did not last for long, but the 
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knock-down effect was tremendous. When mixed with D.D.T. he had 
found It perfectly satisfactory without the addition of derris, which was 
not pleasant to handle in bulk, particularly in powdered form. A 
material called Tinol was very suitable for getting labels to stick on tins. 
The loss of alcohol to which he had referred was 2 per cent, in 12 months. 
Pyrethrum lost activity on storage. Ground glass stoppered jars were 
very good containers for drugs, but rather expensive. 

Mr. J. B. Lloyd, also replying, said that by the use of the mobile type 
of metal shelving they had been able to increase their storage capacity 
about 6 times for the space available. New containers should be used in 
replacements for wards. A standard, or several standards, for glass con; 
takers for pharmaceuticals and foods was highly desirable. The use of 
acid salts had done a great deal to cut down the occurrence of glass 
spicules in citrate solutions. Water from a glass still with double distilla- 
tion, passing through a piece of rubber tube not more than 1 foot long, 
had failed to satisfy the B.P. test for readily oxidisable matter. That 
seemed to be a general failing in distilled water which came into contact 
with rubber, Aneurine hydrochloride solutions were particularly liable 
to deterioration, and after long storage a brown precipitate might occur. 

The Chairman commented on the very wide range of the subjects dis- 
cussed. There were still quite a number of aspects which had hardly been 
mentioned. The question of tropical storage, for instance, in these days 
of export. This was very important to manufacturers. The symposium 
had been not the least successful of those which had been held up to date, 
and he would like to thank first of all the three opening speakers for their 
excellent introduction and then all those who had contributed to the 
discussion. 
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Part II 

The “ Ninhydrin-Reacting ” Hydrolytic Fragment of Vitamin B 12 
By B. Ellis, V. Petrow and G. F. SmoK 

Frotn the Rescdfch LobofatotieSt The British Drug Houses^ Ltd^t London^ Nd 
Received August 14, 1949. 

We have previously reported* that hydrolysis of vitamin Bi. with 20 per 
cent, hydrochloric acid at 100‘‘C., followed by examination of the 
hydrolysates by umdimensional paper-strip chromatography using the 
technique described by Consden, Gordon and Martin^ revealed the 
presence of one “ ninhydrin-reacting ” substance which could not be 
identified with any of the known amino-acids. Collateral studies by 
Brink et al.^ in America, although confirming the absence of amino-acids 
in the hydrolysates, did not substantiate the existence of the “ ninhydrin- 
reacting ” substance. We were therefore led to re-examine and extend 
our observations on this fragment of the B 12 complex and now report 
further data which fully supports our earlier conclusions. 

Rigorous purification of crystalline samples of vitamin Bi 2 failed to 
alter the pattern of our results. Paper chromatograms of the hydrolysates, 
as before, invariably revealed one spot on treatment with ninhydrin, the 
intensity of which, however, depended markedly on the nature of the 
irrigation solvent employed. Thus, pronounced purple spots were 
obtained with solvents consisting of, or containing, the aliphatic acids. 
Faint or hardly visible spots, in contrast, resulted when n-butyl alcohol or 
phenol were employed. Brink et al.^, it should be added, used phenol as 
their irrigation solvent, a fact no doubt explaining the difference between 
the two sets of results. 

Again, in another series of experiments the coloured moiety* produced 
by hydrolysis of vitamin B 12 was quantitatively extracted from the diluted 
hydrolysate with «-butyI alcohol, and the colourless cobalt-free aqueous 
phase examined spectroscopically. Selective absorption in the ultra-violet 
was observed with bands and inflections at 2850, 2768, 2690, 2585 and 
2500 A (for convenience this colourless cobalt-free hydrolytic material 
will subsequently be referred to as “the 285 component”), similar to 
certain fine structure bands present in the ultra-violet obsorption spectrum 
of vitamin B 12 itself, A paper chromatogram prepared from the aqueous 
phase, and irrigated with iso-butyric acid, when developed with ninhydrin, 
gave the typical purple spot obtained using the total hydrolysate. A 
second chromatogram, run parallel with the first, when examined under a 
low pressure mercury resonance lamp fitted with a Coming 9863 glass 
filters showed a clearly visible localised pale-blue fluorescent area occupy- 
ing a position corresponding to the “ ninhydrin spot. The ultra-violet 
absorption of the eluate from this fluorescent area, moreover, showed 
selective absorption substantially the same as that of the aqueous solution 
from which the chromatogram was prepared. 
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Finally, parallel hydrolyses of a sample of vitamin Bj, (Merck) (pre- 
pared by Merck & Co., Inc., and kindly sent to us through the courtesy 
of Dr. Randolph T. Major) and of our product, followed by detection 
pf the ninhydrin-reacting ” fragment on paper chromatograms irrigated 
with 65 per cent, fso-butyric acid and with n-butyl alcohol-acetic acid 
respectively, have given identical results as shown in the accompanying 
photograph (Fig. 1). Our previous conclusions^ are thus reaffirmed and 
the presence of a “ ninhydrin-reacting ” fragment in hydrolysates of 
vitamin B ,2 firmly established. 


Experimental 

Whatman No. 1 filter paper was used for all chromatograms. Solvents 
for irrigation were saturated with water, with the exception of iso-butyric 
acid which was used as a 65 per cent, aqueous solution “ Analar ” Grade 
phenol was employed. Collidine (2:4: 6-trimethyl pyridine) was purified 
by the method of Consden et al.^. Other solvents were purified by distil- 
lation. Chromatogram's, after irrigation, were dried in air, sprayed with 


Sohcnt Fr(inl ^ 




Fig J.— Photograph showing idenlity of behaviour on paper '=^romatograms on 
irrigation with (A) ijobutyric acid and (B) n-butyl alcohol-acetic aad of oijiyd 
r/»qAinff’ <;iibstances oreseot in hydrolysates of (1) Vitamin b,. (Meroc; yen nau 
spot on eachtape” anT(2) Vitamin B„ isolated by authors (nght b^d jiot on 
^ eadi paper) ^ Only the lower parts of the chromatograms are reproduced 
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a freshly prepared 0-1 per cent solution of ninhydrin in aqueous /t-buiyl 
alcohol and then heated for 15 minutes at 90'C. in order to develop the 
colours. Rp values obtained with tso-butyric acid, /j-butanol, and 
collidine were reproducible to within 5 per cent. Greater variations were 
obser\'ed with phenol, and in places of Rp values the positions of spots 
relative to the position occupied by valine, used as a marker, are given. 

Purification of crystalline vitamin Bn . — A sample (30 mg.) of twice 
recrystaUised vitamin was chromatographed on a column (1‘4 cm. 
diam.) consistina of a mixture of aluminium silicate and kieselguhr. The 
sharply defined red band was dev'eloped to a distance of 12 cm. down the 
column, when it W’as dissected out, eluted, and the vitamin Bis recovered 
and recrystaUised twice from aqueous acetone yielding 21 mg. of 
repurified crystalline product. 

Paper chromatography of acid hydrolysates of vitamin B,:- — (1) 3 mg. 
of the sample of cry'stals prepared as described above was hydrolysed for 
6 hours with 0-5 ml. of 20 per cent hydrochloric acid in a sealed tube at 
100°C. The product was evaporated to dryness in vacuo and the coloured 
residue treated with 100 microlitres of distilled w'ater. Five microlitre 
quantifies of this solution were s’potted on to paper strips in the usual 
way. The strips were irrigated overnight and then developed with 
ninhydrin with the following results. 

iso-Butyric acid . — A pronounced purple spot having Rp 0'76, was 
obtained superimposed upon the tail of the pigment present, which formed 
a pale orange-red streak extending almost to the solvent front. A sample 
of vitamin Bi- (Merck), hydrolysed and chromatographed in the same 
way, gave an identically placed spot (paper strip A in Fig. 1). 

Phenol . — The spot obtained was ver>' w’eak indeed and appeared near 
the head of the pigment streak. It occupied a position in front of that 
of valine, run alongside and used as a marker. A significant change in 
the position of the spot did not occur when the vessel at the' bottom of 
the chamber contained 50 per cent, acefic acid, but the intensity of the 
colour produced with ninhydrin was greatly increased. A weak spot was 
also obtained by substituting the acetic acid in the vessel by 5 N hv'dro- 
chloric acid. In this case, however the “ niohydrin-reactin'g ” substance 
travelled more slowly and was located a short distance behind valine, 
again used as a marker. 


n-Butyl alcohol— A pale spot appeared with Rp 0-20. The intensity 
and position was not altered by the presence of ammonia or potassium 
cyanide in the chamber. The pigment did not miarate. 

Collidine . — ^Ablue spot was obtained having RpO-34, 

n-^uf>1 alcotol-flcetic ocid.-n-Butvl (4 vols.). acetic acid 

(I vol.), and water (5 vols.) were mixed and the upper layer used as the 
solvent. Intense purple spots were obtained both with our samnle nf 
B„ ..d B„ <M«,k) „ short. Rg 1 
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(2) Specimens of vitamin B 12 were hydrolysed with 20 per cent, 
hydrochloric acid for (a) 5 days at room temperature and (b) 6 hours at 
150°C. The “ ninhydrin-reacting ” substance was detected on chromato- 
grams prepared from both these hydrolysates. 

(3) 3-2 mg. of vitamin Bjz were hydrolysed with 1 ml. of 20 per 
cent, hydrochloric acid by heating in a sealed tube at 100°C. for 6} 
hours. The hydrolysate was diluted to 10 ml. with distilled wafer and 
a 7 ml. portion extracted 4 times with aqueous n-butyl alcohol (3 ml. 
each extraction). This treatment removed the coloured moiety com- 
pletely, leaving a colourless aqueous phase the ultra-violet absorption 
spectrum of which showed bands and inflections at 2850, 2768, 2690, 
2585 and 2500 A. Part of the solution was examined for the presence 
of cobalt with negative results. A portion (0-75 ml.) was taken to dryness 
in vacuo, the residue dissolved in 20 microlitres of water, and equal 
volumes (10 microlitres each) of this solution dispensed as two spots, 

5 cm. apart, on a paper strip. After irrigation overnight with iso-butyric 
acid, the chromatogram was cut longitudinally down the centre and one 
half developed with ninhydrin. A purple spot appeared having Rp 0-76. 
Examination of the other strip under the ultra-violet light transmitted by a 
low-pressure mercury resonance lamp fitted with a Corning 9863 filter 
revealed a pale blue fluorescent spot with the same Rp value of 0-76. 
Black patches were not observed, thus indicating the absence of certain 
purines and pyrimidines.'* The fluorescent area of the paper was cut 
out, eluted with OT N hydrochloric acid and the ultra-violet absorption 
spectrum of the eluate examined. This was substantially the same as 
that of the aqueous phase from which the chromatogram was prepared. 

Different results were obtained by the use of n-butyl alcohol-acetic 
acid as the irrigation solvent. In this case, development of one paper 
strip with ninhydrin gave rise to an intense purple spot, as already 
described, whilst two and possibly three fluorescent spots were revealed 
on the companion strip when viewed under the Corning filter. These 
fluorescent spots were well separated from each other and also from 
that area of the paper containing the substance capable of giving a colour 
with ninhydrin. An eluate from the latter area did not show any selec- 
tive ultra-violet absorption. That a “ ninhydrin-reacting ” substance was, 
in fact, present was shown by the appearance of a typical ninhydrin 
spot on a chromatogram prepared from this eluate. 

(4) When total hydrolysates of vitamin B,, were chromatographed 
using phenol as the irrigation solvent, the very weak spot produced 
with ninhydrin occupied a position in which it could easily be confused 
with, and even mistakenly regarded as part of, the pigment streak also 
present. The spot was more readily seen if the coloured moiety in a 
vitamin Bi- hydrolysate was first removed by extraction with n-butyl 

alcohol. 

Comparative behaviour of the "ninhydrin-reacting" fragment and 2- 
aminopropanol on paper chromatograms.—SC, mg. of vitamin B,- were , 
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hydrolysed with 20 per cent, hydrochloric acid for 6 hours m the usu^ 
way, the hydrolysate diluted, and the pigment quantilaUvely extract^ 
with n-butyl alcohol. The product obtained on evaporaUon of the 
aqueous layer was dissolved in 250 microlities of distilled water and 
this solution [solution (a)] used in the preparation of chromatograms. 
A 0-2 per cent, aqueous solution of 2-aminopropanol [solution (b)] was 
also employed. 

Three spots consisting of (i) 3 microlitres of solution (a), (ii) 5 micro- 
litres of solution (b), and (iii) a mixture of 3 microlitres of solution (a) 
and 5 microlitres of solution (b) were placed 2 '5 cm. apart along the staft- 
ina line of each paper strip (10 cm. wide and 50 cm. long). Irrigation 
of the strips was allowed to proceed until the solvent front had travelled 
in every case a distance of not less than 40 cm. The following results 
were obtained : 

iso-Butyric acid. —The Revalues of the purple stops corresponding 
to (i) and (ii) were identical, namely, 0*76. A single spot correspond- 
ing to (iii) w'as obtained with the same Rp value of 0'76. 

n-BiOyl alcohol -acetic acid.— Three purple spots corresponding to (i), 
(ii) and (in) were obsen'ed with identical Rp values of 0-33. 

Phenol —Acetic acid (50 per cent v/v) was included in the chamber 
in order that easily visible colours should be given with ninhydrin. 
Valine spotted near one edge of the paper served as a marker. The 
apparently identical purple spots corresponding to (i), (ii) and (iii) occu- 
pied a position just in front of that of valine. 


Collidine. — ^Both (i) and (iii) gave rise to blue spots with almost iden- 
tical Rp values of ca. 0-32, 2-aminoproponal (ii) alone gave a blue 
elongated zone the Mmits of which extended from Rp 0-26 to Rp 0-44. 
The addition of several micrograms of ammonium chloride to spot (ii) 
prior to irrigation of the paper resulted in the appearance of a sin^e 
nearly circular spot having an Rp \alue of 0-32. 

Detection of ammonia formed on hydrolysis of vitamin — (a) On 
gently warming a mixture of 1 mg. of wtamin Bi, and 100 microlitres 
of N sodium hydroxide, ammonia was evolved, detected by the appear- 
ance of a browm coloration on a piece of filter paper moistened with 
Kessler’s reagent and held over the mixture. 


(b) 10 ms. of vitamin Bj. were hydrolysed wdth 0-5 ml. of 20 per 
cent, hydrochloric acid at lOO'C. for 6 hours, the solution diluted to 
10 ml., and the pigment extracted with n-butyl alcohol. The aqueous 
layer gave a colourless crj'staUine residue on evaporation to dryness in 
vacuo Part of this residue w'as gently heated in an isnition tube with 
a free flame, when a white sublimate formed on the coofer upper sections 
of the tube. Another part of the residue, dissolved in a few^croHtres 
oi water, was m^ed with one drop of cold N sddium hj'droxide and 
the ammoma evolved detected as described above. ^ ° ^ 
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I' Summary and Conclusions 

1. Our previous conclusion that acid hydrolysis of vitamin Bj 2 leads 
to the formation of a “ ninhydrin-reacting ” substance is confirmed. 

2. The behaviour of this “ ninhydrin-reacting ” substance and of 2- 
aminopropanol on paper chromatograms has been examined. 

3. The results appear to show that these two substances are identical. 

4. Evidence has been obtained for the presence in acid hydrolysates 
of vitamin B 12 of material showing selective absorption with bands and 
inflections at -2850, 2768, 2690, 2585 and 2500 A (referred to as “the 
285 component”). 

5. This “ 285 component ” is resolved into at least two structurally 
related substances by chromatography employing n-butyl alcohol-acetic 
acid as the irrigation solvent. 

6. Formation of ammonia occurs during acid or alkaline hydrolysis 
of vitamin Bij. 

The authors thank Mr. R. E. Rodway for technical assistance in the 
isolation of crystalline vitamin B 12 from a concentrate kindly supplied 
to the Research Department by Mr. A. W. Davidson. The ultra-violet 
absorption data were Jdndly detennined by Dr. E. R. Holiday (M.R.C. 
Spectrographic Unit The London Hospital, E.l), who also carried out 
the examinations with the Coming filter. The authors thank the Direc- 
tors of The British Drug Houses, Ltd., for permission to publish these 
results. 
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Ellis, Petrow and Snook have shown^ that hydrolysis of vitamin Bi^ 
with 20 per cent, (w'/v) hydrochloric acid at lOO'C. leads to the fonna 
tion of a coloured cobalt-containing complex which may be quantitatively 
extracted from the aqueous phase with /i-butyl alcohol. Examination of 
the aqueous phase showed that, in addition to phosphate- and^ a 
“ ninhydrin-reacting ” substance'’^ material showing selective absorption 
in the ultra-violet with bands and inflections at 2850, 2768, 2690, 2585, 
and 2500 A (“the 285-component”) was also present. 

The presence of two main absorption band systems (2850, 2768, 

■ 2690 A) and (2585, 2500 A) of almost equal intensity in “ the 285- 
component” pointed to the existence of a dicyclic chromophore of un- 
saturated or aromatic character. The absorption spectra of aromatic 
compounds of this type differ from that of “ the 285-component ” front 
which it was concluded that a heterocyclic chromophore w'as present in 
the latter material. The marked fine structure of the absorption 
spectrum, moreover, indicated a heterocyclic compound probably con- 
taining nitrogen. On examining the absorption spectra of a number ot 
heterocyclic compounds containing one or more nitrogen atoms in the 
molecule, it soon became clear that ring systems containing two fused 
six-membered rings could be excluded from further consideration as the 
absorption, invariably extended to too long a w'avelength. The study 
of compounds containing a six-membered ring fused to a five-membered 
ring, on the other hand, revealed the significant fact that only benzi- 
minazole (lEt; R=R'=H) and indazole gave spectra resembling that of 
“the 285-component,” benziminazole approximating the more closely 
of the two. The characteristic long wavelength fine structure band of 
benziminazole corresponding to the “ 285 ’’-band of the Bjj material, 
however, was at much too short a w'avelength, namely, /.r=2730 A in acid 
solution. 


While these experiments were in progress, concurrent work briefly 
referred to in Part revealed the complex character of “ the 285-com- 


ponent.” By employing «-butyl alcohol-acetic acid as the irrieation 
solvent for the chromatograms in place of Aobutyric acid which had 
been used for the earlier work, resolution of “ the 285-component ” was 
achieved. The chromatograms, when examined under a low-pressure 
mercury resonance lamp fitted with a Corning 9863 dass filteri now 
showed three dolet fluorescent zones in place of the sinde fluorescent 
area formerly obtamed and ascribed to “ the 285-component” A typical 
chromatogram is represented in Figure 1 fleft hand side) 
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Synthetic 5;6 — 
dimethylbenzimlnazolc 
Rf 0‘85 


Fig. 1. — ^Product from vitamin hydrolysis. Paper chromatogram irrigated with 
/j-buty] alcohol-acetic acid. 

S^tional elution of the different regions with dilute hydrocblonc acid 
and spectroscopic examination of the eluates (Figure 2) showed that the 
compounds responsible for the three fluorescent zones had absorption 
characteristics similar to one another and to “the 285-component” 
from which they had clearly been derived. For convenience they have 
been designated components a, f, and y. Components a and p, it should 
be- added, have indistinguishable absorption characteristics which differ 
but slightly from those of component y. 
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•1 M 

Wave-number X 10-* Wave-number x I0-* 

Vitamin B„ Hydrolysis Product ; total Benziminazole- 8 0S m.g./l. 

aqueous extract 


Wave-length m^i Wave-length m#. 



■ 

Wave-number X 10-* Wave-number X 10-* 


I;5:S-TrimethylbeazimiaaaoIe; 10-95 m.g./I. 5:6-Dimethylbenziminazole; 10-1 mg./I. 

Fio. 3. — Absorption curves of benzitninazoles and of the aqueous phase after 
n-butyl alcohol extraction of the vitamin B,j hydrolysate; continuous line in O-OIN 
hydrochloric acid, broken line in 0-01 N sodium hydroxide. 

The general procedure of Phillips® was employed for their preparation 
whereby the o-diamine (II) was heated with formic or acetic acid in the 
presence of 4N hydrochloric acid. The required o-diamines (II) were 
prepared by catalytic reduction of the corresponding o-nitroam'Iines (I) 
employing a palladium-charcoal catalyst. N-Methyl-c>-m'troanilines 
(I; R=Me) required for the preparation of the 1 -methyl substituted 
benziminazoles (III; R=Me) were obtained by methylation of the corre- 
sponding o-nitroanilines (I; R=H) using the method described by Usher- 
wood and Whiteley®. The preparation and properties of the following 
benziminazoles have not previously been reported in the literature : 

1:6-, 1 : 7-, 2 : 4-, 4 ; 5-, 5 ; 6-Dimethylbenziminazole. 

1:2:7-, 1:4:5-, 1:5:6-, 2:4:5-, 2:5 \6-Trimethylbeiwminazole. 

1 : 2 : 4 : 5-, 1 : 2 : 5 : 6-r etramethylbenziinimzole. 

1- and 2-monomethyl and 1 : 2-dimethylbenziniinazole. the first 
benziminazoles to be synthesised and examined, showed spectra re- 
sembling that of the parent ring system, but with some alteration in 
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form and small shifts in wavelength which did not approach the required 
values of ).=2850 for components a and p, and X=2832 for component y 
fvide infra;. A greater shift in the fine structure bands was observed 
with the Bz-alkylated derivatives, particularly with the 5*inethyl-, 6- 
methyl-, 1; 5-dimethyl-, and I ; 6-dimethyl analogues. We therefore 
concentrated our synthetic efforts on the preparation of 5 , 6-dimethyl- 
and l;5;6-trimethylbenzimiaazoles and, with these compoimds at our 
disposal, were able to confirm our speculations and obtain e\'idence for 
the identity of components a. and P with 1- substituted 5;6-diniethyl- 
benriminazoles and of component y with 5 ■ 6-dimethylbenziminazole. 

The positions of the fine-structure bands observed with these two sets 
of compounds in both acid and alkaline solution are recorded in Table I, 
and the agreements between the sets of figures is indeed seen to be 
remarkably good. 


TABLE I 

PoSmoN OF FTNE-STRUCTURE bands (A) OF HYDROLYSIS COMFONFNTS OF VITA.MIN Bu 
AND OF THE CORRESPONDING METHYLATED BENZDUNAZOLES 
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Spectroscopic examination of the remaining alkylated benziminazoles 
provided further data supporting these conclusions. The difference be- 
tween components a and p, it should be added, probably lies in the nature 
of the substituent groups in position 1. 

M the methylated benziminazoles so far examined show charac- 
teristic spectra which are readily distinguished from each other Each 
compound shows 5 or 6 bands in acid solution which are shifted in 
chametensue manner in alkaline solution. There are therefore Ifr Z 
12 band, (12 in to case of 5 : 6 ,itett.„ba™dnaSS)‘^tU J 
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As the band positions of the unknown benziminazoles agreed within the 
error of placing with those of the synthetic compounds, we are confident 
that the position of the substituents in the two sets of compounds is 
the same. It cannot be inferred from the identity of the spectra that the 
substituent groups in the vitamin B 12 products are methyl groups. It 
is certain, however, that they are small unreactive groups, otherwise 
distortion of the spectrum to a recognisable degree could be expected. 
It is hardly relevant to the present communication to report the detailed 
spectroscopic data for aU the methylated benziminazoles synthesised 
and examined in the course of this investigation, but it is hoped to 
publish this part of the work elsewhere at a later date. 

Spectroscopic identification of a compound for the structure of which 
there is, a priori, no chemical evidence, is not to be undertaken h’ghtly. 
Since the method is quite empirical, one is entirely dependent on the 
specificity of the absorption spectra for the degree of certainty with 
which the positive statement of identity with a model compound may 
be made. The spectra are so characteristic in this series of compounds, 
however, that they offer more strongly presumptive evidence of identity 
than is usually the case. In addition, preliminary experiments on the 
behaviour of component y and 5 : 6-dimethylbenziminazole on paper 
chromatograms support the view that the two compounds are, indeed, 
identical. 

By using the extinction coefficient of 5 : 6-dimethylbenziminazole as a 
model for reckoning molar extinctions — an assumption justified by our 
observation that all the benziminazoles so far examined possess very 
-s imilar molar extinction coefficients — ^it has been possible to determine 
that one molecule of vitamin B 12 gives rise to approximately one molecule 
of 5 : 6-dimethylbenziminazole (calc, as components a-hfi+r)~on acid 
hydrolysis. This result accords with our preliminary analytical studies 
on the products of hydrolysis of vitamin B 12 , and leads to the conclusion 
that components a, P and y represent different stages of degradation of a 
common precursor. 

Re-examination of the absorption spectrum of vitamin B 12 (cf. Ellis, 
Petrow and Snook^) by the moving plate method^ shows that two 
bands characteristic of benziminazoles are apparent at X=2895 and 
2785 A, and a trace of the third and fourth bands at X=2630 and 
2500 A (see Table II). Recognition of a chromophore with a complex 
band system such as a benziminazole is difficult, however, as the absorp- 
tion due to the rest of the molecule obscures and distorts to a great 
extent the absorption in the benziminazole region of the spectrum. The 
spectrograms reproduced in Figure 4 show, however, that the moving 
plate method picks out the characteristic maxima and inflections. The 
bands are at wavelengths considerably longer than those of components 
a, p, and Y. and, in addition, the acid-alkali shift is found to be negligible 
(Table II, I and 2). These differences might be due to the nature of 
the group’ through which the benziminazole is united to the rest of the 
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molecule, or to intramolecular forces polarising the benziminazole chro- 
mophore. .An example of the latter effect is to be found in the shift 
to longer wavelengths of the spectrum of the aromatic amino-acids in 
native proteins-, and of purines and pyrimidines in nucleic acid’. In 
both cases mild hjdrolysis releases the respective fragment from the 
effects of these polarising forces and the spectrum reverts to that of the 
free chromophore. 



J Sort;- 

acid concentration. The shift to shorter ^ to the latter 
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TABLE n 

PosrrroN of fine-structure bands (A) of vitamin B 12 under varying 

CONDITIONS 








ai 

|a,+a, 

1 

a, + a. 

bi 

b. 

1 

Bii in O-OIN sodium hydroxide 

3615 

3435 

3235 

3065 

2895 

1 2785 


2630 

2500 

2 

Bjj in 0 OIN bydrocWoric add 

3610 

3435 

3235 

3065 

2895 

1 2785 




3 

Bi* in 3N hydrochloric acid ... 

3560 

3415 

3200 

3040 

i 2862 

j 2770 




4 

, Solution (3) brought bjck to 
O-OIN hydrochloric add .. 



3210 

3050 

2861 ; 

1 2776 




5 

Solution (3) brought back to 
weak alkali 

3609 

3433 

3230 

3070 

i 

2889 ! 

2790 1 


2625 



Note . — Many of the bands are difficult to distinguish. Only those which have been identified with 
certainty are included. 

positions occupied by the bands are considerably closer to those of 
components a and and these bands now show a comparable acid- 
alkali shift. As a moving-plate spectrogram of a solution of the “ methyl 
ester ” of the cobalt complex also present^ in hydrolysates of vitamin Bi; 
shows, apart from other changes, an almost complete absence of the 
fine structure bands in the “ 285-region ” (see Figure 4), it may be con- 
cluded that the benziminazole nucleus exists intact in the molecule. 

The recognition of a 5 : 6-dunethylbenziminazole nucleus in vitamin B 12 
raises a point of great biogenetic interest. Riboflavine, which likewise 
contains the 4 ; 5-dimethyl-o-phenylenediamine residue, is known to be 
synthesised by microbial flora in the rumen of the sheep'®. Tosic and 
Mitchell" have shown that the microbial flora utilise at least part of 
the cobalt ingested by the ruminant, and have suggested, on the basis 
of this observation, that pining and other wasting diseases in ruminants 
may be due to cobalt deficiency of the bacteria, the animal requiring 
not cobalt, but the bacterial products which have thereby become de- 
ficient. Becker, Smith and LooslF* have reported that there is no signi- 
ficant response in cobalt-deficient lambs when injected even with com- 
paratively large quantities of vitamin Bjo (125 ng.) or fed with Bja 
concentrates, although rapid disappearance of the symptoms occurred 
following cobalt administration by feeding (1 mg. Co per day). They 
concluded that these preliminary observations do not support the theory 
that vitamin B 12 is an important intermediary in cobalt metabolism in 
lambs. Nevertheless, it seems difBcult to avoid drawing the conclusion 
that the microbial flora of the sheep’s rumen utilise cobalt to accomplish 
some stages in the synthesis of vitamin Bi- or, more probably, of a 
closely related derivative. What part, if any, is played by riboflavine 
in such a process by its action on, or part in, the bacterial metabolism 
will, of course, only be clarified by further experimental studies. 

The formation by acid hydrolysis of vitamin B 12 of two 1 -substituted 
5 : 6-dimethylbenziminazoles (components a and/5) leads to the conclusion 
that the latter ring system is attached to the macro-fragment of the Bj. 
molecule by a grouping which is relatively stable to acid. The struc- 
tural similarity between vitamin B ,2 (TV) and riboflavine (V) implict in 
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Me 

Me 



Me 

Me 


/\^V/ 


substituent 

W. 


substituent 

(desoxyribose residue) 
V. 


the existence o£ an N-substituted 4 ; 5 -dimethyI-o-phenylenedianiuie re- 
sidue in both compounds, may well extend to the nature o£ this su 
sdtuent. Sugar derivatives of 5:6 dimethylbenzuninazole are therefore 
being synthesised. Their preparation and properties 'wiU form the sub- 
ject of a later communication. 


Experimental 

M.pts. are uncorrected. 

Paper Chromatography of a vitamin hydrolysate. 

T6 ms. of vitamin Bu were hydrolysed with O'S ml. of 20 per cent, 
hydrochloric acid for is'hours at 100“C., the solution diluted to 5 ml. 
and extracted three times with successive portions (2 ml.) of n-butyl 
alcohol. The combined n-butyl alcohol extracts were back extracted 
several times with 2 per cent, hydrochloric acid, and all the aqueous 
phases combined. Evaporation of these extracts to dryness gave a 
crystalline residue, A solution of this material in several microlitres 
of distilled water was spotted on to a paper strip and the latter irrigated- 
with n-butyl alcohol-acetic acid. Examination of the chromatogram in 
>.=2536 A radiation revealed the presence of three violet fluorescent 
spots {components a, §, and r) having Rp values 0-62, 0-77 and 0-85 
respectively. 

Chromatography of authentic 5 : 6-dimethylbenziminazole gave rise to 
a violet fluorescent spot, identical in every respect with component y 
(see Figure 1). 

Spectrographic Methods. 

(i) The moving-plate method described in 1937 by one of us" has 
been modified by substituting a new cam which gives a ratio of final 
to initial rate of motion of the spectrograph plate of 100 : 1 instead of 
the original 10:1. This gives greater latitude and sensitivity to the 
method. The precision of location of fine-structure bands or inflections 
depends upon their spectral width and resolution. In the case of the 
sharper long wavelength bands of benziminazoles the error is as little 
as ±1 1 A, while for the diffuse short wavelength bands it may increase 
to ±; 10 A. 


(ii) The spectrophotometric measurements were made with an auto- 
matic recording spectrophotometer designed and built by the Telecom- 
munication Research Establishment of the Ministry of Supply in col- 
laboration with Medical Research Council. A fuU description of thi^ 
mstiurnent will be published elsewhere. It plots a continuous record of 
opucal densit)- against wave number. Figure 2 shows exaSf of 
records taken with this instrument. samples of 
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TABLE II 

PosmON OF EINE-STRUCrURE BANDS (A) OF VITAMtN Bja UNDER VARYING 

CONDITIONS 


ai 

|ai+ai 

a. + a. 

bt 

b. 

1 

B, a in O-OlN sodiiUQ hydroxide 

3615 

3435 

3235 

3065 

2895 

1 2785 


2630 

2500 

2 

Bia in O-OJN hydrochloric add 

3610 

3435 

3235 

3065 

2895 

2785 




3 

Bja in 3N hydrochloric add ... ; 

3560 

3415 

3200 

3040 

2862 1 

2770 




4 

, Solution (3) brought bfck to 
0‘01N hydrochloric add ... 



3210 

3050 

1 

; 2861 

2776 




5 

Solution (3) brought bock to 
weak alkali 

3609 

3433 

3230 

3070 

2889 

t 

2790 


2625 

\ 


-Many of the bands are difficult to distinguish. Only those which have been identified v?ith 
ccruinty arc included. 

positions occupied by the bands are considerably closer to those of 
components a and /?, and these bands now show a comparable acid- 
alkali shift. As a moving-plate spectrogram of a solution of the “ methyl 
ester ” of the cobalt complex also present^ in hydrolysates of vitamin Bi- 
shows, apart from other changes, an almost complete absence of the 
fine structure bands in the “ 285-region ” (see Figure 4), it may be con- 
cluded that the benziminazole nucleus exists intact in the molecule. 

The recognition of a 5 : 6-dimethylbenzimmazole nucleus in vitamin B ,2 
raises a point of great biogenetic interest. Riboflavine, which likewise 
contains the 4:5-dimethyl-o-phenylenediamine residue, is known to be 
synthesised by microbial flora in the rumen of the sheeps®. Tosic and 
Mitchell^^ have shown that the microbial flora utilise at least part of 
the cobalt ingested by the ruminant, and have suggested, on the basis 
of this observation, that pining and other wasting diseases in ruminants 
may be due to cobalt deficiency of the bacteria, the animal requiring 
not cobalt, but the bacterial products which have thereby become de- 
ficient. Becker, Smith and Loosli^^' have reported that there is no signi- 
ficant response in cobalt-deficient lambs when injected even with com- 
paratively large quantities of vitamin Biz (125 ng.) or fed with Biz 
concentrates, although rapid disappearance of the symptoms occurred 
following cobalt administration by feeding (1 mg. Co per day). They 
concluded that these preliminary observations do not support the theoty 
that vitamin Biz is an important intermediary in cobalt metabolism m 
lambs. Nevertheless, it seems difiicult to avoid drawing the conclusion 
that the microbial flora of the sheep’s rumen utilise cobalt to accomplish 
some stages in the synthesis of vitamin Biz or, more probably, of a 
closely related derivative. What part, if any, is played by riboflavine 
in such a process by its action on, or part in, the bacterial metabolism 
will, of course, only be clarified by further experimental studies. 

The formation by acid hydrolysis of vitamin Bj, of two I-substituted 
5 : 6-dimethylbenziminazoles {components a and^) leads to the conclusion 
that the latter ring system is attached to the macro-fragment of the Bi- 
molecule by a grouping which is relatively stable to acid. "Hie struc- 
tural similarity between vitamin Bn (TV) and riboflavine (V) impfict m 
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(iii) All solutions were examined in both O-OIN hydrochloric acid 
and sodium hydroxide. Since the change in the absorption spectrum 
on passing from acid to alkali is different for the different benzimmazoles, 
the “ acid ” and “ alkaline ” spectra may be taken as independent pro- 
perties of the chromophore in question and hence the specificity increased 
very greatly. In Figure 3 the usual notation is employed. 

fmoi = — -D (I) 

C X / ^ 


where e is the molar extinction coefiBcient, D is the measured optical 
density, / the path length and c the concentration in g.-molecules per 
litre. 

Samples of vitamin Bi, were dried at 10°C. for 1 hour prior to exam- 
ination. 

Spectrophotometry of Paper Chromatogram Eluates. 

(i) The sensitivity of spectrophotometry: — ^The weight of substance 
(Wj g.) to give a satisfactory optical density (D) is related to the molar 
extinction coefficient (e n,o,) and the volume of the photometer cell 
(V ml.) for a path length of 1 cm. 

In most spectrophotometers the volume of solution required to fill 
the cell adequately is proportional to the path length. We may, there- 
fore, define a specific volume requirement (Vj) of the photometer as the 
volume required to fill a cell of 1 cm. path length. Introducing W 
instead of c into the relation (1) we obtain 


W, 


Vs DM 

1000 emoi 


( 2 ) 


where M is the molecular weight. 

In our photometer T7 ml. is required to fill a cell of 1 cm. path 
length. If we take an average maximum e for benziminazoles as 
0-5 X 10* and a molecular weight of 150, and if we also take as a 
requirement that the optical density of the solution at the band maxima 
shall be not less than D=0-8, then it follows that the mi nimum weight of 
benziminazole required to fulfil the conditions is given by : 


Ws 


1-7 X 0-8 X 150 


“1000 X 0-5 X 10« 


The relation (2) is general for any photometer and any compound, and 
is useful for rapidly determining whether the spectrophotometric method 
is sufficiently sensitive for estimating components of a paper chromato- 
gram. Wj may be termed the limiting weight sensitivity of the spectro- 
photometer. 

Where the specific absorption of a compound is high, as in the case 
of the benziminazoles, complete absorption curves can be derived from 
quantities of the order of ten micrograms. 

(ii) Identification of the components on the paper chromatogram: 
Parallel runs on two spots of hydrolysate were made on the same piece 
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of paper. After drying the paper in air or in the oven at 95 C., the strips 
were examined, before cutting the paper, under the mercury r^nance 
arc through Coming 9863 filter which transmits the ?.=2536 line CHohday 
and Johnson‘). Regions of fluorescence were observed on a typical 
chromatogram as described above. These were marked ofi with pencil, 
the strip cut longitudinally between the two spots, and one half sprayed 
with the ninhydrin reagent The flourescent spots were cut out from 
the unsprayed half, together with control sections of the paper, and each 
eluted by soaking at least half an hour in 4 ml. O'OIN hydrochloric acid. 

It may be well to emphasise that the excitation by the ),=2536 A 
radiation of the mercury arc is essential for the appearance of the 
fluorescent spots, which are not seen when the paper is viewed under 
the same arc, but through Wood’s glass. 

Figure 2 is a direct reproduction of the record made by the spectro- 
photometer on the eluates of the three fluorescent spots from such a 
paper chromatogram. Each pair of curves represents the same eluate 
in both acid and alkaline solution. In the case of each pair the spectrum 
shifted to longer wavelength (smaller wavenumber) is that for the 
alkaline solution. 


Preparation of p-Toluenesulphon-o-nitroanilides: 

The following general method was employed: The nitro-amine (OT 
mol.), dissolved in pyridine (15 to 20 ml.), was treated with p-toluene- 
suilphonylchloride (0-1 mol.) in portions. The reaction was completed 
by heating for 2 hours on the steam bath. After addition of dilute 
hydrochloric acid, the solid was collected, washed with water and purified 
by crystallisation. The yields were of the order 80 to 95 per cent. 

p-Toluenesulphon-il'-nitroA'-methylanilide), yellow needles from 
alcohol, m.pt. 104°C. Found: N, 9-2. Ci 4 H 3404 N 2 S requires N, 9-2 
per cent. 

^-Toluenesulpbon-(2'-nitro-6'-methylanUide, yellow prisms from 
alcohol, m.pt 125°C. Found: N, 8-8. CaJHnO^NzS requires N, 9-2 
per cent. 

p-Toluenesulphon-Q'-nitro-y : A'-dimethylanilide), prismatic needles 
from alcohol, m.pt 126° to 127°C. Found: N. 8-9. re- 

quires N, 8-8 per cent. 

p-ToIuenesiiIphon-i2'-nitro-4':5'-dimethylanilide), yellow blades from 
alcohol, m.pt. 149° to 150°C. Found: N, 8-9. requires N, 

8-8 per cent. 


Methylation of the ip-Toluenesiilphon-o-nitroanilides: The procedure 
below was adopted; A mixture of the sulphonanilide (0-1 mol) and 
4N sodium hydroxide (26 ml.) was treated under reflux with methyl 
sulphate (8-0 ml.), the mixture being kept alkaline to phenoIphthaleL 
by drop-by-drop addition of 10 N sodium hydroxide solution. A further 
^0 nfl. of methyl sulphate was added, and the mixture refluxed foM 5 

f’ collected, washed with water 

and purified from alcohol. (Yields, 80 to 95 per cent.) ‘ 
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• T?-Toluenesulphon-(2'-nitro-i^:4'-dimethylanilide), pale yellow prisms, 
m.pt. 128° C. Found; N, 9-1. CisHisO^NzS requires N, 8-8 per cent. 

, p-Toluenesulphon-i2'-nitro-'N:6'-dimethylanilide), silver leaflets, m.pt 
139° to 140°C. Found: N, 8-9. C 15 H 16 O 4 N 2 S requires N, 8-8 per cent. 

p-Toluenesulphon-(2’-nitro-'t4:3':4'-trimethylanilide), colourless prisms, 
m.pt. 137 °C. Foimd: N, 8-7. Ci 6 Hi 804 N 2 S requires N, 8-3 per cent. 

p-Toluenesulphon-i2'-nitro-N:4':5'-trimethylanilide), m.pt. 125° to 
127°C. Foxmd: N, 8-3. CJ 6 H 18 O 4 N 2 S requires N, 8-3 per cent. 

Hydrolysis of the p-Toluenesulphon-f:4-methylanilide : A mixture of 
the p-toluenesulphon-N-methylanilide (O-l mol.), glacial acetic acid 
(16 ^.) and concentrated sulphmric acid (37 ml.) was heated on the 
steam bath for 1 to 2 hours and poured into ice-water. The amine was 
collected and recrystalUsed from alcohol. Yields 60 to 75 per cent. 

2-Nitro-N:3:4-trimethylaniline hemihydrate, scarlet prisms, ni.pt. 59° 
to 60°C. Found: N, 14-7. CgHizNiOs.^HaO requires N, 14-8 per cent 
Found on material resublimed at 100°C. 0 05 mm. ; N, 15-5, C 9 Hi 2 N 202 
requires N, 15-6 per cent. 

2-Nitro-T4:4:5-trimethylaniline was resublimed at 100°C. 0-05 mm. 
for analysis, forming orange-red needles, m.pt. 138°C. Found: N, 15-6. 
CsHizOaNj requires N, 15-6 per cent. 

The preparation of Benzitninazoles: 

The appropriate nitro-amine (0-02 mol.) in ethanolic solution was 
shaken with hydrogen in the presence of 10 per cent, palladium-charcoal 
(0-5 g.) until hydrogen uptake was complete. The solution, freed from 
catalyst, was taken to diyness in an atmosphere of nitrogen and the 
residue dissolved in 4N hydrochloric acid (20 ml.). The appropriate 
aliphatic acid (OT mol.) was added and the solution refluxed in nitrogen 
for 40 minutes. The product was then precipitated by addition of dilute 
ammonia, collected and recrystallised. The yields were 50 to 60 per 
cent, of the theoretical. 

Monomethylbenziminazoles: 1 -Methyl-, needles from light petroleum, 
m.pt. 64°C. (Skraup''^); 2-methyl-^ needles from water, m.pt. 176°C.; 
4-methyl-, needles from ethyl acetate-light petroleum, m.pt. 140°C. 
(Gabriel and Thieme^*); 5-methyl-, needles from ethyl acetate-light 
petroleum, m.pt. 113°C., b.pt. 169° to 172°C./0T mm. (Niemen- 
towski^°). 

Dimethylbenzintinazoles: 1 : 2-Dimethyl-, needles from ethyl acetate- 
light petroleum, m.pt. 109° to 110°C. (Fischer^® gives m.pt. 112°C.): 

1 : 5 -dimethyl-, needles from ethyl acetate-light petroleum, m.pt. 94°C. 
(FischeriO; 1 : 6 -dimethyl-, needles from light petroleum, m.pt. 74° to 
75°C. Found: C, 73-7; H, 7-0. CgHioN, requires C, 73-9, H, 6-9 per 
cent.) (Fischer and Wreszinski^® describe this compound as an oil, b.pt. 
280°C.): I -.1 -dimethyl-, prismatic needles from ethyl acetate-light 
petroleum, m.pt. 68 ° to 70'5°C. Found: N, 19'0. CgHioN- requires N, 
19T per cent; 2: 4-dimethyl-, prisms from ethyl acetate, m.pt. 168° to 
169°C. Found; C, 74-0; H, 6 - 6 . QHjoN; requires C, 73-9: H, 6-9 per 
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cent. 2: 5 -dimethyl-, leaflets from ethyl acetate-light petroleum, 

202°C (Green and Day^®); 4'.5-dimeihyl-, leaflets from aqueous alcohol, 
m.pt. 196' to 197°C. Found: N. J8-8; QHioNo requires N, 19-1 per 
cent.; 5:6-diniethyI-, needles from ethyl acetate-light petroleum, m.pt. 
199' to 200'C. Found: C, 73-5; H, 6-4; aHioN- requires C. 73-9; H. 
6-9 per cent. 

Trimethyl benzhninazoles: 1:2: 5-Trimethyl-, plates from ethyl acetme, 
m.pt. 14rC. (Fischer and Regaud^®); 1 ; 2 : 6-trimethyl-. rods_ from ethyl 
acetate-light petroleum, m.pt. 119“ to 120“C. (Fischer and Rigaud-“ give 
m.pt. 122°C.); l:2il-trimethyl; fine needles from petroleum, m.pt. 146“ 
to 147“C. Found: C, 74-5; H, 7-7; requires C, 75-0; H, 7-6 per 

cent.; l:4:5-fri?tiet/iyi-, white needles from li^t petroleum, m.pt. 95 
to 96“C. Found N, 17-7. CioH„N, requires N, 17-5 per cent.; 2:4:5- 
trimethyl-, needles from aqueous alcohol, m.pt. 188° to 190°C. Found: 
N, 171-5. requires N, 17-5 per cent.; 1:5: 6-trimethyl', needles 

from ethyl acetate-light petroleum, m.pt. 142° to 143°C. Found: N, 17-1. 
CioHi'.N, requires N, 17-5 per cent. 2: 5: 6-trimethyl-, needles from 
aqueous alcohol, m.pt. 233° to 234“C. Found: C, 75-2; H, 7-1; CioHijN- 
requires C, 75-0: H, 7-6 per cent. 

Tetramethyl benzhninazoles: l:2-A:5-Tetramethyl-, long needles from 
aqueous alcohol, m.pt. 144° to 145°C. Found: N, 16-1. CuHnNa 
requires N, 16-1 per cent.; 1:2: 5 :6-ietramethyl-, pale yellow prisms 
from ethyl acetate-light petroleum, m.pt. 164°C. Found: N, 16-0; 
CiiHiiNi requires N, 16-1 per cent. 


SmOAfAY AND C0NCU3S10KS 

1. Evidence is presented for the presence of three chemically related 
substances, components a, p, and y, in acid hydrolysates of vitamin 

2. Spectroscopic examination of these components has led to their 
classification as bennminazole derivatives. 

3. Spectroscopic comparison with 22 methylated benziminazoles 
synthesised to serve as model compounds, has resulted in the identifica- 
tion of components a and § as 1:5: 6-trisubstituted benziminazoles, and 
of component y as a 5 : 6-disubstituted benziminazole. 

4. Preliminary paper chromatographic studies point to the identity 
of component y with 5 ; 6-dimethylbenziminazole; from which it is con- 
cluded that components « and p are both 1-substituted 5 ; 6-dimethyl- 
benziminazoles. 

5. Spectroscopic and chemical evidence leads to the conclusion that 
only one 5 ; 6-dimethylbenziminazole residue is released from vitamin Bj, 
on acid hydrolysis and that the benziminazole nucleus exists preformed 
in the vitamin. 

6. It is. therefore, concluded that components a. 6, and v renresent 
siKXessive stages 'of degradation of a common precursor 
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• Tp-Toluenesulphon-{2'-nitro-N:4'-dimethylanilide), pale yellow prisms, 
m.pt. 128° C. Found: N, 9-1. C 15 H 16 O 4 N 2 S requires N, 8-8 per cent 
, p-Toluenesulphon-(2'-nitro-N : 6'-dimethylamlide), silver leaflets, m.pt. 
139° to 140°C. Found: N, 8-9. Ci 5 Hi 604 N 2 S requires N, 8-8 percent. 

p-Toluenesulphon-(2'-nitro-lSl:3':4'-trimethylanilide), colourless prisms, 
m.pt. 137°C. Found: N, 8-7. CwHisO^NzS requires N, 8-3 per cent. 

p-Toluenesulphon-(2'-mtro-N :4' :5'-trimethylanilide), m.pt. 125° to 
127°C. Found: N, 8-3. C 16 H 18 O 4 N 2 S requires N, 8-3 per cent. 

Hydrolysis of the p-Toluenesulphon-'i4-methylanilide : A mixture of 
the p-toluenesulphon-N-methylanilide '(O-l mol.), glacial acetic acid 
(16 ml.) and concentrated sidphuric acid (37 ml.) was heated on the 
steam bath for 1 to 2 hours and poured into ice-water. The amine was 
collected and recrystaUised from alcohol. Yields 60 to 75 per cent. 

2-Nitro-T^ :3 : 4-trimethylaniUne hemihydrate, scarlet prisms, m.pt. 59° 
to 60°C. Found; N, 14-7. CaHi 2 N 202 .iH 20 requires N, 14-8 per cent 
Found on material resublimed at 100°C. 0-05 mm.: N, 15-5, C 9 H 12 N 2 O 2 
requires N, 15-6 per cent. 

l-Nitro-H'A'.S-trimethylaniline was resublimed at 100°C. 0-05 mm. 
for analysis, forming orange-red needles, m.pt. 138°C. Found: N, 15'6. 
C 9 H 12 O 2 N 2 requires N, 15-6 per cent. 

The preparation of Benziminazoles: 

The appropriate nitro-amine (0-02 mol.) in ethanolic solution was 
shaken with hydrogen in the presence of 10 per cent, palladium-charcoal 
(0-5 g.) until hydrogen uptake was complete. The solution, freed from 
catalyst, was taken to dryness in an atmosphere of nitrogen and the 
residue dissolved in 4N hydrochloric acid (20 ml.). The appropriate 
aliphatic acid (OT mol.) was added and the solution refluxed in nitrogen 
for 40 minutes. The product was then precipitated by addition of dilute 
ammonia, collected and recrystallised. The yields were 50 to 60 per 
cent, of the theoretical. 

Monomethylbenziminazoles: I -Methyl-, needles from light petroleum, 
m.pt. 64°C. (Skraup^®); 2-methyl-®, needles from water, m.pt. 176°C.; 
4-methyl-, needles from ethyl acetate-light petroleum, m.pt. 140°C. 
(Gabriel and Thieme^^); 5-methyl-, needles from ethyl acetate-light 
petroleum, m.pt. 113°C., b.pt. 169° to 172°C./0-l mm. (Niemen- 
towski^®). 

Dimethylbenziminazoles: 1 : 2-Dimethyl-, needles from ethyl acetate- 
light petroleum, m.pt. 109° to 110°C. (Fischer^® gives m.pt. 112 °C.): 

1 : 5-dimethyl-, needles from ethyl acetate-light petroleum, m.pt. 94 °C. 
(FischeriO; 1 • 6 -dimethyl-, needles from light petroleum, m.pt. 74 to 
75°C. Found: C, 73-7; H, 7-0. C 9 H 4 „N 2 requires C, 73-9, H. 6-9 per 
cent.) (Fischer and Wreszinski^® describe this compound as an oil, b.pt- 
280°C.); 1 : 1-dimethyl-, prismatic needles from ethyl acetate-light 
petroleum, m.pt. 68 ° to 70-5°C. Found: N, 19-0. C 9 H,oN 2 requires N, 
19T per cent.; 2: 4-dimethyl-, prisms from ethyl acetate, m.pt. 168 to 
169°C. Found: C. 74-0; H, 6 - 6 . QHioNo requires C, 73-9; H, 6-9 per 
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ceat 2: 5-dimethyl-, leaflets from ethyl acetate-light petroleum, ro-pt 
202°C (Green and Day"®); 4: 5-dimethyl-, leaflets from aqueous alcohol. 
m.pt. 196® to 197®C. Found: N. d8'8; requires N. 19-1 per 

cent.; 5:6-dimethyl-, needles from ethyl acetate-light petroleum m.pt. 
199° to 200®C. Found: C, 73-5; H, 6-4; CsHioN^ requires C, 73-9; H, 
6-9 per cent 

Trimethyl benziminazoles: 1 : 2 ;5-Ttimethyl-, plates from ethyl acet^e, 
hi.pt. 141 °C. (Fischer and Regaud"®); 1 ;2:6-trirpethyl-, rods &oiii ethyl 
acetate-lisht petroleum, m.pL 119° to 120 °C. (Fischer and Rigaud-® give 
m.pt. 122°C.); \:2:l-irimethyl-, fine needles from petroleum, m.pt 146° 
to 147°C. Found: C, 74-5; H, 7-7; CioHi-Nt requires C, 75-0; H, 7-6 per 
cent; 1:4: 5-trimethyl-, white needles from light petroleum, m.pt 95 
to 96°C. Found N, 17-7. QoHioN, requires N, 17-5 per cent; 2:4:5- 
trimeth\l-, needles from aqueous alcohol, m.pt. 188° to 190°C. Found; 
N, 171-5. requires N, 17-5 per cent.; 1 : 5 : 6-trimethyl-, needles 

from ethyl acetate-liaht petroleum, m.pt. 142° to 143°C. Found: N, 17*1. 
CioHi'jN, requires N, 17-5 per cent l:5:6-trimethyl-, needles from 
aqueous alcohol, m.pt 233° to 234°C. Found: C, 75'2-, H, 7-1; 
requires C, 75-0: H, 7-6 per cent 

Tetramethyl benziminazoles: 1 -.2:4: 5-Tetramethyl-, long needles from 
aqueous alcohol, m.pt. 144° to 145°C. Formd: N, 16-1. CxiHiiN, 
requires N, 16-1 per cent; \\2:5:6-tetramethyl-, pale yellow prisms 
from ethyl acetate-li^t petroleum, m.pt. 164°C. Found: N, 16-0; 
requires N. 16-1 per cent. 


1. Evidence is presented for the presence of three chemically related 
substances, components a, p, and y, in acid hydrolysates of vitamin Bu. 

2. Spectroscopic examination of these components has led to their 
classification as henziminazole derivatives. 

3. Spectroscopic comparison with 22 methylated benziminazoles 
synthesised to ser\’e as model compounds, has resulted in the identifica- 
tion of components a and ^ as 1 : 5 : 6-trisubstituted benziminazoles, and 
of component v as a 5 : 6-disubstituted benziminazole. 

4. Preliminary' paper chromatographic studies point to the identity 
of component y with 5 : 6-dimethylbenziminazole; from which it is con- 
cluded that components a and P are both 1 -substituted 5 : 6-dimethyl- 
benzinunazoles. 

5. Spectroscopic and chemical evidence leads to the conclusion that 

only one 5 : 6-dimethylbenziminazole residue is released from vitamin Bj, 
on acid hydrolysis and that the benziminazole nucleus exists orefonn^ 
m the titamin. ^ 

6. It is. therefore, concluded that components a, p, and v renresent 
su(^s^e stages -of degradation of a common precursor ^ 
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It is a pleasure to acknowledge the encouragement of the Directors of 
The British Drug Houses, Ltd., in this work. 

Footnote. While preparing this paper for publication we became 
aware at the meeting of the First International Congress of Biochemistry 
held at Cambridge in August, 1949, of the findings of Dr. K. FoUcers 
and his colleagues, and at the same session we announced the con- 
clusions we had reached in the work now reported (Holiday and Petrow, 
/. Pharm. Pharmacol., 1949, 1» 734). 
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SYNTHESIS OF THE BENZENE ANALOGUE OF VITAMIN A 
By W. H. Linneix and C. C. Shen 

From the Pharmaceutical Chemistry Research Laboratories of the School of 
Pharmacy. University of London 

Received October 11, 1949 

The successful synthesis of pure crystalline vitamin A by Arens and 
van Dorp^ and by Isler et aL~ opened a new field in the chemical study 
of vitamin A. 'Thus, it is possible to synthesise various analogues of 
vitamin A in order to establish the relationship between chemical struc- 
ture and vitamin A activity. A survey of recent publications on synthetic 
compounds bearing modified side chains led to the conclusion that 
although the terminal hydroxyl group might not be of utmost importance, 
the length and the general skeleton of the side chain could not be altered 
without a complete loss of activity, (cf. Table I.) 


TABLE I. 

Activity 

Compounds (Vitamin A= 1) 

R-CH ; CH-C ; CH-CH ; CH-C ; CH-COOH I. Ref. 1 1 


CH, CH, 

R-CH ; CH-C ; CH-CH : CH— C ; CH— CH, II. Ref. 5 

1 ! 

CH, CH, 

R-CH ; CH-C : CH— CH : C-C : CH— CH, III. Ref. 5 

1 I I 

CH, CH,CH, 

R-CH : CH— C : CH- CH : CH— C : CH— CH.CH, IV. Ref. 5 
I I 

CH, CH, 

R— CH • CH— C ; CH— CH : CH— C ; CH- V . Ref. S 

I I 

CH, CH, 

R-CH . CH— C ; CH-CH ; CH— CH ; CH— CH.OH VI. Ref. 6 
CH, 

R-CH ; CH-C : CH— CH ; CH-CH ; C-CH,OH VII. Ref. 6 
CH, CH, 

-CH, 

Where R ^ 



1/10 

0 

0 

0 

1/30 

0 


’addings of Morton et aU in connection with retinenes gave support 
to^ as the correct structure for vitamin A,. Nothin<r has vet been 
publish^ on compounds having the fuU vitamin A side chain ItLched 
to a different nucleus. Sobotka and Chanlevs i , 

an.bgue with two triplo bonds ” aSibrSS tbs' 
biologitj! activity was not puMshed Mot “ 

reported an acyclohcscyl analognc to vitaSinTS “ “a sL^ 
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triple bond in the side chain (X) which was stated to have an activity 
1 / 1000 that of Vitamin A. Since the presence of a triple bond next to the 
ring would have substantially changed the shape of the molecule, then, 
with the findings of Table I in mind, it may be asked whether this small 
activity was not due to a reduction in vivo into XI? 


If— CH ; CH— C ; CH— CH : CH— C : CH— CHjOH 
CHa CHs 

vm. 

|j— C^C— C ; CH— CSC— C : CH— CHjOCHj 


CH^ 


IX. 


CHj 


li — C=C— C ; CH— CH ; CH— C ; CH— COOH 

ill 

CHj CH, 

X. 

'll — CH : CH— C ; CH— CH ; CH— C : CH— COOH 

CH, CH, 

XI. 

Attempts have been made in this laboratory to synthesise both the 
cyclohexenyl and the benzene analogue of vitamin A (?QI, XIII). Owing 
to difiSculties in preparing the key intermediate l-ACcyclohexenyl-but-l- 
en-3-one, XII has not yet been obtained. However, the synthesis of the 
benzene analogue (XHI) has been achieved according to the route used 
by Isler et al.^ 




-CH ; CH— C : CH— CH : CH— C ; CH— CH,OH 
I I 

CH, CH, 

XII. 

-CH : CH— C : CH— CH : CH— C : CH— CH,OH 
I I 

V / CH, CH, 

XHI.- 

This synthesis is summarised as follows, benzalacetone being used as 
the starting material. 


CH, 


CH, 


I BrCH.CH : CH-COOEt I 

CeH,-CH : CH-C ; O •— QH,-CH:CH-C:CH-CH:CH-COOH 

Reformatzki reaction, 

XIV. dehydration and saponification 


XV. 


I 


aCH,COOEt 

Glycid ester condensation 


O 

/\ 

C,H,-CH ; CH-C-CHCOOEt 
CH, 


saponification 


O 

/\ 


>C.H5-CH :CH-C— CHCOOH 

CH, 
xvir. 


—CO, 


XVI. 
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<^n,~~cr,^ 9» I 

CH, 

^‘'■-^H.CS., ?»/''-'’‘'««0, 

^^ooir. cjj, 

?^/ ‘^^’‘^OC7,Dvr,v,. 

/ '’PWiduje 


«CV. i, 
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in ethyl alcohol, showed a maximum at 342ii, log.e 4-548, with a subsidiary 
^ak at 249mfi. These figures are in close agreement with those expected. 
However, as the yield of this crystalline acid was small and subsequent 
work carried out with the crude acid was fruitless, a different approach 
to the problem was then undertaken. 


I. Crude ester 



Wa\c lv.ngih in 
Fig. I. 


The glycid ester condensation was first carried out at - 7°C. by 
Darzen’s method^®. Fractionation of the condensation product gave a 
23 per cent, yield of the glycid ester (XVI) as a viscous colourless liquid 
boiling at 130° to 134°C. at 0-5mm. Hg pressure. Analysis gave figures 
in close agreement with those required. The glycid ester was found to 
polymerise easily on heating, redistillation at the same temperature range 
and under the same pressure giving only 30 per cent, recovery, the rest 
forming a thick oily residue in the flask, non-distillable without decompo- 
sition and solidifying into a glassy mass on cooling. 

The glycid ester thus obtained was saponified by cold alcoholic potas- 
sium hydroxide, formation of some potassium carbonate precipitate 
indicating a partial decarboxylation during this treatment. On acidifica- 
tion the free glycid acid (XVII) separated as reddish precipitate and was 
subjected to decarboxylation without further purification. Both Heilbron 
et al.^^ and Milas ef in their preparation of the C ,4 aldehyde, isolated 
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the crystalline acid and decarboxylated by heating with copper or glass 
powder. However, with this benzene analogue, decarboxylation was 
found to be complete in about 15 minutes by simply heating the crude 
glycid acid over boiling water bath. Purification by fractionation gave 
about a 15 per cent, yield of the aldehyde based on the ester. 

It has been observed previously that the glycid ester (XVI) was very 
sensitive to heat. Polymerisation during saponification and decarboxy- 
lation may be responsible for the low yield of the aldehyde. By adopting 
Isler’s modified methodh the glycid ester was saponified in situ with 
alcoholic potassium hydroxide at low temperature. After working up 
in usual manner, a crop'of pure aldehyde was obtained in an overall yield 
of 40 per cent, of the theoretical yield based on benzalacetone. This 
aldehyde, distilling at 70°C. under 0-05mm. Hg pressure showed the 
following characteristics; n 1-5537. d 1-0105, exaltation of mole- 
cular refraction 1-83 units. It gave analytical figures in close agreement 
with theory. The 2 : 4-dinitrophenyIhydrazone occurred in red needles 
from chloroform, melting at 188° to 190°C. gave the correct analysis 
for nitrogen. The semicarbazone in leaflets from alcohol, had a melting- 
point 178° to 179°C. The thiosemicarbazone, needles from alcohol, had 
a melting-point, 132° to 132-5°C. According to classical concepts there- 
fore, this aldehyde would be assigned formua XVIII. 


/ 


r-CH^CH-CHCHO 

1 

CHj 

xvm. 


/"Ni— CH;CH=C-CHO 

! I I 

\/ CH, 

XIX. 


/\ 


-CH,CH=C— CHO 
1 

^ CH, 

XXVI 

But on spectroscopic examination (in ethyl alcohol), this aldehyde 
showed an absorption maximum at 229m[i, log.e 4-214, indicatmo a sub- 
stituted a : p-unsaturated aldehyde structure (XIX as 2-methy]-4-phenyI- 
crotonaldehyde. A small but definite elevation at 283 to 284 mu, log e 
3-375, may correspond to the so-called R band. Its semicarbazone 
showed an absorption maximum at 266 mu, log.« 4-536, thiosemicarba- 
zone at 299 mu, iog.c 4-409, both typical of the corresponding derivatives 
of a:p-unsaturated aldehydes in generaPL This is in agreement with 
Heilbrons formula for the C„ aldehyde (XXVI)s.» which was opposed 
by M,las cl«. Tha light absorption data for these two aSyls a“d 
their denvatives together with those of citral are compared in riul tt 
F urther, if the aldehyde had the structure XVIII it 1 

mum for the skeleton QH, - ^ 

shows a maximum at 245 mu. with S \ 

290-4m.PL The wide differe;^rbSveen tt? n ^ 

obtained suggest that the aldehyde in questiof does ^tfeon^in^S 
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in ethyl alcohol, showed a maximum at 342n, log.t 4-548, with a subsidiary 
peak at 249m[i, These figures are in close agreement with those expected. 
However, as the yield of this crystalline acid was small and subsequent 
work carried out with the crude acid was fruitless, a different approach 
to the problem was then undertaken. 


I. Crude ester 



Wave ItUgih in 
Fig. 1. 


The glycid ester condensation was first carried out at -7°C. by 
Darzen’s method*®. Fractionation of the condensation product gave a 
23 per cent, yield of the glycid ester (XVI) as a viscous colourless liquid 
boiling at 130° to 134°C. at 0-5mm. Hg pressure. Analysis gave figures 
in close agreement with those required. The glycid ester was found to 
polymerise easily on heating, redistillation at the same temperature range 
and under the same pressure giving only 30 per cent, rrcovery, the res 
forming a thick oily residue in the flask, non-distillable without decompo- 
sition and solidifying into a glassy mass on cooling. 

The glycid ester thus obtained was saponified by cold alcoholic pota - 
slum hydroxide, formation of some potassium carbonate precipitate 
indicating a partial decarboxylation during this treatment. On ^ciainc - 
tion the free glycid acid (XVII) separated as ^ "^^iTon 

subjected to decarboxylation without further 

et and Milas et al?- in their preparation of the C,4 aldehyde, iso 
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the crystalline acid and decarboxylated by heating with copper or glass 
powder. However, with this benzene analogue, decarboxylation was 
found to be complete in about 15 minutes by simply heating the crude 
glycid acid over boiling water bath. Purification by fractionation gave 
about a 15 per cent, yield of the aldehyde based on the ester. 

It has been observed previously that the glycid ester (XVI) was very 
sensitive to heat Polymerisation during saponification and decarboxy- 
lation may be responsible for the low yield of the aldehyde. By adopting 
Islet’s modified method^ the glycid ester was saponified in situ with 
alcoholic potassium hydroxide at low temperature. After working up 
in usual manner, a crop"of pure aldehyde was obtained in an overall yield 
of 40 per cent of the theoretical yield based on benzalacetone. This 
aldehyde, distilling at 70°C. under O-OSmm. Hg pressure showed the 
following characteristics; n 1-5537, d 1 -0105, exaltation of mole- 
cular refraction 1-83 units. It gave analytical figures in close agreement 
with theory. The 2:4-duiitrophenylhydrazone occurred in red needles 
from chloroform, melting at 188° to I90°C. gave the correct analysis 
for nitrogen. The semicarbazone in leaflets from alcohol, had a melting- 
point 178° to 179°C. The thiosemicarhazone, needles from alcohol, had 
a melting-point, 132° to 132-5°C. According to classical concepts there- 
fore, this aldehyde would be assigned formua XVin. 




i— CH=CH~CHCHO 
/ CH, 

XVIII. 


-CH,CH=C— CHO 
I 11 I 

\/ CH, 

XIX. 


— CH,CH=C-CHO 

! 1 I 

N /\ CH. 

XXVI 


But on spectroscopic examination (in ethyl alcohol), this aldehyde 
showed an absorption maximum at 229mu, log.£ 4-214, indicatm'^ a sub- 
stituted a;fj-unsatutated aldehyde structure (JQX as 2-methyl-4-phenyl- 
crotonaldehyde. A small but definite elevation at 283 to 284 mu lo» c 
3-375, may correspond to the so<alled R band. Its semicarbazone 
showed an absorption maximum at 266 raji, log.e 4-S36 thiosemicarha 
zone at 299 m,. log.c 4-409, both typical of the LrrespondSrdSvS 
of a:p-unsaturated aldehydes in general”. This is in agreement with 
Heilbron s formula for the C« aldehyde (XX\T)®>” wbirB ^ ^ ^ 
h, MJs « air-. Th, light absorptio'n dShaset™ aSSS 
their denvatives together with those of citral are comoaroH t w ^ “ 
Further, it the aldehyde had the structure XVin it should 
mum tor the skeleton C.H. -C=C- ataromd 290 S- c '”™- 
shows a ma.ximum at 245 mu. with two ‘ ^^^Tene itself 

290-4mu'L The. widp at 2S2 mu and 


290-4mii 

obhdned suggest- dtaTtoe'S^h;^* TSof d'J 
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TABLE n 




Amax. 

log 

1. 2-Methyl-4-phenyl-crotonaIdehyde (XDO (Fig. 2) 

... 229 

4-214 

2. Ci 4 aldehyde (XXVI)* 

••• ••• 

... 230 

4-25 

3. Citral (commercial)® 

• •• •• • 

... 232 

4-05 

4. Semicarbazone of 1 (Fig. 2) 

... 

... 266 

4-536 

5. Semicarbazone of 2* 

... 

... 265 

4-47 



269 

4-462 

6. Semicarbazone of 3® 



... 272 

4-498 

7. ITiiosemicarbazone of 1 (Fig. 2)... 

... 

... 299 

4-409 

8. Thiosemicarbazone of 2® 

... 

... 299 

4-591 

9. Thiosemicarbazone of 3® 

... ... 

... 303 

4-66 


CeH5-C=C— system in its structure. This affords a more definite 
answer pertaining to its structure and lends indirect support to Heilbron’s 
formula for the aldehyde. 



Wave length in 


Fig. 2. 
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3-Methyl-pent-2-en.-4-yn-l-ol POC) was prepar^ per 3-inethylpent-4- 
en-l-yn-3-ol by condensing methyivinyl ketone with sodium acetylide in 
liquid ammonia according to the method of Heilbron and Jones^®. 
3-Methylpent-4-en-l-yn-3-ol was found to have a refractive index 
ng5‘‘= 1-4438 which is nearer to the figure given by Hennion and Leib” 
1 - 4444 ) tijan that by Heilbron and Jones (nj,^*'^- 1-4490) 
although the rearranged carbinol 3-methylpent-2-en-4-yn-l'0l had 
1-4850, the same as that given by Heilbron and Jones. 
2-Methyl-4-phenylcrotonaldehyde was coupled with the Grignard 
compound of 3-methylpent-2-en-4-yn-l-ol (XXI) according to Isler et at* 
In view of the fact that the reaction mixture was heterogeneous the 
mixture was refluxed with constant stirring for 7 hours to ensure complete 
reaction. After working up in usual way, the unchanged carbinol and 
aldehyde were removed in high vacuum. The residue so obtained was 
purified by partition between 75 per cent, aqueous methyl alcohol and 
light petroleum (40° to 60°C.) during which process the possible hydro- 
carbon formed was removed in the 'petroleum layer. The aqueous 
methyl alcoholic liquor was diluted with water and the oil separated was 
extracted with ether. Removal of the solvent gave the diol (XXII) as 
a viscous brownish oil in 78 per cent yield. It showed the following 
characteristics: n^'° 1-5756, df*'^ T0673, exaltation of molecular 
refraction 2-21 units. It gave analytical figures for carbon, hydrogen and 
active hydrogen in close agreement with theory. With antimony 
trichloride in chloroform it gave only a brownish black colouration. Its 
absorption spectrum showed inflections at 215 mfi and 230mg which W'ere 
probably due to the two isolated chromopbores, the yn-en system and 
the benzene ring respectively. (Fig. 3, curve I.) 


Semihydrogenation of the triple bond was carried out in the following 
way. A supported catalyst of palladium on barium sulphate (5 per cent 
Pd) was prepared according to Organic Syntheses-® and was partially 
inactivate by the use of Rosenmund-Zetzsche sulphur-quinoline 
poison'°--“. The diol (XXII) was dissolved in 10 times its volume of 
methyl alcohol and the hydrogenation was carried out at atmospheric 
pressure. This hydrogenation process was found to be extremely slow 
in comparison with a control experiment on 3-methylpent-2-en-4-vn-l-ol 
the catalyst used being very' soon completely inactivated by im'ourities 
present in the diol. Three subsequent additions of fresh partially 
poisoned catalyst were made and the hydrogenation stopped after nearly 
13 hours when the hydrogen uptake was 0-99 mol. per mol of the diol 
The product thus obtained after the removal of catalyst and solvent «ave 
a slightly higher carbon and lower active hydroaen fimres than tLcf* 
required for the d, 01 (^HI). indicating a partial dehydration duSn. tS 
prolonged shaking with the catalyst. This was further confirmed by the 
fact that with antimony trichloride in chloroform it gave a blue Sw 
changing rapidly into violet then red. The snectro^mn;^ u ° , 
showed a significant change. (Fi<» 3 curve IT 1 'nP 

240 app.^tly die to thTdJl (xJJinT.l?‘ “i 
coocspondmg to the diene conjugation and tfte benzeS^riSi'S 
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were lower than the corresponding inflections in curve I, whilst the newly 
formed peak at 282 mu indicated the formation of a compound with 4 
conjugated double bonds. This may possibly be explained by the forma- 
tion of a hydrocarbon (XXVII) from the diol according to the following 
reaction : 

OH 

C,Hj-CH.CH : C—CH—CH : CH~C : CH -CH.OH XXfll. 

i ([h, 

C,H. CH.CH : C— CH : CH— CH : C— CH : CH. 

1 1 XXVli. 

CH, CH, 
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Partial acetylation of the tiiol (XXIII) was carried out by treating the 
diol with acetyl chloride in presence of dry pyridine. The crude acety- 
lated product gave unsatisfactory analytical figures. With antimony 
trichloride in chloroform it gave a transient blue colour changing rapidly 
into violet and red as before. Spectroscopically, it was very similar to 
the diol before acetylation (Fig. 4, curve I), the slight proportional increase 
of intensity at 282 mg prolTably indicating, further dehydration along 
the suggested direction. This acetylated product was purified by solution 
in light petroleum (60° to 80°C.), the insoluble portion being a solid was 
probably a polymerised product. A light golden yellow coloured liquid 
was obtained from the petroleum fraction corresponding to 66 per cent, 
of the crude material, the analytical figures being in fair agreement with 
those required for the monoacetate of the diol (XXIVO- This purified 
nionoacetate was used for the following dehydration. 

The dehydration was carried by the method used by Isler et al.^ in 
nn vitamin A. A solution of the acetate in light petroleum 

(100' to 120°C.) after being stabilised with a-tocopherol, was refluxed 
with iodine for 1 hour under nitrogen. The product obtained was 
exa^ed spectroscopically. (Fig. 4, curve 11.) A new absorption peak 
produred at 325 mu, wiA 245, indicated the formation of 

^ /-dnnethyl-9-phenykiona-2 ; 4 : 6 : 8-tetrane-l -ol acetate (XXV). How- 
ever, active hydrogen determination gave a figure corresponding to the 
presence of about 36 per cent of XXIV, which is thought to be respon- 
sible for part of the spectrum 

A number of ways are known to achieve this dehydration. In the 
synthesis of vitamin A ether, Milas et al.^' described the use of 
p-toiuenesulphonic acid, pyridine hydrobromide in presence of pyridine 
aicohohc potassium hydroxide, phosphorus tribromide or thionyl chloride 
in conjunction with pyridine, or sodamide in liquid ammonia. The iodine 
method has the advantage that it catalyses cis-trans isomerisation^-'^^ 
aimough it has been reported in the literature-^’^^-^® dehvdratioT,’ 

sually resulted in a trans bonding, semihydrogenation of the triple bond 
instances a ds double bond^^ However, the broadness of 

™ pX“ “nr'’”''* 

Saponification of the acetate gave a product contaiutnc 
carbmol, 3 ; 7-dimethyl-9-phenylnona-2 : 4 : 6 : 8-tetraene-l-ol fxiIB 
snowed an absorption maximum at 329 mu with frr** 

curve III). Spectroscopically, a benzene ring effecte ^ 

same bathochromic shift to the absorption peak of a ^ 

as does an extra conjugated double bond, "nis was found ^ 
m a : (1-unsaiurated ketones by Wilds et al-^ ThiK wYn 
bond methyl substituted, p-ionone has a maximum (at f 

owards the longer wave length than b^r^io . . ^ 

l'Vinylcyclohexcne -1 on the oS hmd b«? ^89 mu). 

50 units towards the shorter wave^Leth 

Hence, n was expected that the maxima?ibs.S^r 

should be m the neighbourhood of that of vitmiin A°^ carbinol (XHI) 
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Wave length in 
Fig. 4. 


It is to be regretted that owing to the great instability of the product 
obtained, further purification of the sample by chromatographic means 
was not attainable. The bulk of the sample, stored under nitrogen in 
the dark, deteriorated during the course of its spectral and biological 
studies as shown by a loss of the specific absorption properties. The 
acetate, which was tested biologically, was found to be completely 
inactive. 

Examination of the structure of XIII reveals its differences from 
vitamin A in two respects: (a) the presence of the benzene ring which 
brings the whole molecule into coplanarity and hence different from 
vitamin A slightly in its spatial arrangements. On the other hand, the 
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(Fig. 1. curve I) maximum 340mft, 225; inflection 250 mu, 

105. Refractive index : ng''^-ca. 1-55. 

5-Methyl-7-phenylhepta-2:4:6-trienoic acid. The dehydrated ester 
(21 g.) was saponified by shaking with alcoholic potassium hydroxide (7 g. 
of potassium hydroxide in 77 ml. of alcohol (90 per cent.)) overnight. 
The soap solution was diluted with water (500 ml.) and extracted with 
ether which yielded on evaporation only about 0-5 g. of a neutral fraction. 
The soap solution was then acidified with dilute acetic acid (5 per cent.). 
The crude acid separated as a gummy precipitate which solidified on 
standing. By dissolving the crude acid in ether and coohng in a 
refrigerator overnight, a lemon yellow coloured crystalline acid melting 
at 190° to 194°C. was obtained. Its colour darkened on standing in air, 
and it was therefore kept in an atmosphere of nitrogen. Yield: 0-8 g. 
from about 15 g. of crude acid. Found: C. 77T: H. 6-56; CJ4H14O2 
requires C, 78-5; JI. 6-54 per cent. Active hydrogen (Zer.): T05 H. 
Light absorption (Fig. 1, curve II) Maxima: 342 m^, 1650, log.E 

4'548; 249 mp., EJ 418, log.E 3-952. The bulk of the acid was non- 
crystallisable. 

Glycid ester condensation of benzalacetone and ethyl chloroacetate. 
The general method given by Darzens was followed^'’. Benzalacetone 
(28 g.) and ethyl chloroacetate (freshly distilled, 23-8 g.) were mixed 
together in a flask and the mixture cooled to -7°C. Alcohol free sodium 
ethoxide (13 g.) was added in small portions with constant stirring over 
a period of about l^- hours. The mixture was stirred at room tempera- 
ture overnight, then heated over a water bath for 1 hour. After cooling, 
100 g. of crushed ice was added followed by the gradual addition of dilute 
acetic acid (60 ml. of II per cent. acid). Extraction with ether and 
subsequent removal of the solvent gave 43 g. of material which was frac- 
tionated. The glycid ester distilled over at 133° to I37°C./0-5 mm. Hg. 
pressure as a colourless viscous oil. Yield : 10 g. (23 per cent, of theory). 

It had refractive index:- U d '^' 1 '5401. Found: C, 72-41; H, 6-74; 
C^HieOs requires C, 72-41 ; H, 6-95 per cent. Saponification value gave its 
molecular weight as 227 : C14H16O3 requires 232. 

2-Methyl-4-phenylcrotonaldehyde (XIX). The glycid ester (26-3 g.) 
in alcohol (40 ml.) was saponified with alcoholic potassium hydroxide 
(142 ml. of 1-8 N.) by shaking in an atmosphere of nitrogen for 2 hours 
and then leaving to stand overnight. A small amount of potassium car- 
bonate precipitate formed during this treatment. After dilution with 
water and acidification, the free glycid acid precipitated as a red coloured 
gummy solid. This crude acid was not separated and further purified, 
but the whole mixture was heated over a boiling water-bath. Decarb- 
oxylation occurred smoothly and was completed in about 15 minutes 
when the solid acid changed into an oily liquid. After extraction with 
ether, the ethereal extract was washed with wafer and fractionated 
yielding mainly the crude 2-methyl-4-phenylcrotonaldehyde at 102“ to 
I10°C./0-3 min. Hg pressure as a pale yellow liquid. Yield. 3 g. (16 per 
cent, of theory based upon the glycid ester). 


982 



SYNTHESIS OF THE BENZENE ANALOGUE OF VITAMIN A 


2-Metliyl-4-phenylcrotonaldehyde {pure) by improved method. The 
method used by Isler et al.^ was followed. Benzalacetone (56 g.) and ethyl 
chloroacetate (46‘5 g.) were mixed m a flask cooled in a solid carbon- 
dioxide-acetone bath! Sodium ethoxide (26 g.) was added in small por- 
tions with stirring as before, the whole being left overnight at room 
temperature. Alcoholic potassium hydroxide (220 ml. of 1-8 N.) was 
added to the mixture gradually with constant stirring, cooling as before. 
•After being stirred for 3 hours, the whole was left over the week-end. 
Water (600*^ ml.) was then added with cooling followed by extraction with 
ether. The aqueous saponaceous liquor on acidification gave only a 
negligible amount of oily liquid, which indicated almost complete decarb- 
oxjiatlon of the glycidate under these conditions. The ethereal extracL 
after being washed with w'ater and dried, w’as distilled to remove the 
solvent, giving 53-3 g. of product which was fractionated: 

Fracuon 1: 80' to 82'C./0-05 ram. Hg pressure, 25 g. n^’*^ 1-5539. 

Fraction 2: 84' to 92"C./0-05 mm. Hg pressure, 3 g. n^’^^ T55^9. 

Fraction 3: HO' to 40°C./0-05 mm. Hg pressure, 3 g. n^"'^ 1-5660. 


Fraction 1 was apparently the mam crop of the required aldehyde which 
on redistillation at 70'C./0-05 mm. Hg gave a yield of 22 g. of the pure 
aldehyde (about 40 per cent of theorv' overall) The aldehyde gave the 
following constants; nf ,1 5537; df'^ . 10105; molecular refrac- 
tion; found 50-77, calculated for C„. Hi-, O", 48-94, exaltation TS3 

units. Found: C. 82-11; H, 7 69; C„H,-0 requires C, 82-50; H, 7-50 
per cent Semicarbazone, leaflets from alcohol, m.pt 178° to 179°C.; 
thiosemicarbazone, needles from alcohol, m.pt 132° to 132-5°C.; 
2:4-dinitrophenylhydrazone, red needles from chloroform, m.pt. 188° 
to 190°C. Found; H, 16-1; Ci-Hi.NjO^ requires N. 16-47 per cent 

Light absorption data • (in ethyl alcohol) (Fig. 2). 

The aldehyde: Ma.xima. 229 mu, E\^' 1021, log e 4-214- '^83 to 

284 mi., Ei W 14 P, log , 3.357. “ 

The semicarbazone: Maximum 266 mu. E\^- 1581 , 102 e 4-536. 

The thiosemicarbazone: Maxima 299 mu. E-,^- 1601, log e 4-409- 

249 mu. E» 490, log e 3 895. 

Fraction 2 on redistillation yielded mamly the same aldehvde disfillinu 
at 70° to 72’C./0-05 mm Hg pressure. " ~ 


Fraction 3 yielded a 2 ; 4-dinitrophenylhydrazone. but was apparentlv 
a complex mixture and was not investigated further. 

3-Meihslpent-^-en-l-Mi-3-ol was prepared bv the method given bv 

"i'* fractionation through t 

Widraer column gave the pure carbmol distilling at 66° to 66-5'r /sr 
Hg pressure. It had refractive index - n’^s'c 1.443? a tt ^s-c 
1.4490-; m-c . 1 4444-). Acdve hvdrouen (&l 1.09 
peraturc. 2-03 H after healing at lOO'C." ^ -1 5 09 H at room tern- 

3-Metbylpcnt-2-en--i-yn-]-oI fXXI wac j , 
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Jones“. The carbinol distilled at 77° to 78°C./18 mm. Hg pressure. 
Refractive index 1-4850 (Lit., 1-4850“). Active hydrogen 
(Zer.); T93 H. after warming. a-Naphthylurethane : m.pt. 118° to 1I9°C. 
(Lit., 119°C.^«). 

3-.7-Dimethyl-9-phenylnona-2:7-dien-4-yn-l :6-diol (XXII). The 
condensation was carried out in a similar way to that used by Isler et aid 
To the Grignard compound of 3-methylpent-2-en-4-yn-l-ol (XXI) (from 
5-1 g. of the carbinol) in ether was added a solution of 2-methyl-4-phenyl- 
crotonaldehyde (8-0 g.) in ether (12-5 ml.) over a period of 15 minutes, 
the whole being cooled in an ice water bath. Vigorous sdrring was 
maintained and a slow stream of nitrogen was passed into the apparatus 
all the time. After the completion of the addition of the aldehyde, the 
whole mixture turned into a stiff mass insoluble in ether and was then 
refluxed over a warm water-bath with efficient stirring when the mass 
gradually softened. The refluxing was continued for 7 hours. It was 
then decomposed by shaking with crushed ice and ammonium chloride 
solution in nitrogen overnight. The product was then extracted with 
ether, the ethereal extract being dried and fractionated. About 1 ml. 
of the 3-methylpent-2-en-4-yn-l-ol and a small amount of the 2-methyl- 
4-phenylcrotonaIdehyde were recovered. The product, after being de- 
prived of low-boiling material under 0-04 mm. Hg pressure over a water- 
bath for 1 hour, was purified by a partition between light petroleum 
and aqueous methyl alcohol: The product was dissolved in methyl 
alcohol (100 ml. of 75 per cent.) and extracted with light petroleum (3 
quantities, each of 30 ml.). The petroleum fraction which contained 
some hydrocarbon was not investigated further. The aqueous methyl 
alcohol fraction was diluted with water (400 ml.) and extracted with 
ether (4 quantities, each of 70 ml.). After the removal of the last trace 
of solvent from the ethereal extract at 70° to 80°C./0-05 mm. Hg pres- 
sure, 3 : 7-dimethyl-9-phenylaona-2 : 7-dien-4-yn-l ; 6-dio] was obtained 
as a viscous brownish liquid. Yield; 10 g. (78 per cent, of theory). It 
had the following characteristics: n^'^- 1-5756; T0673; Molecular 

refraction : found 79-43, calculated for ChH qO..' Fs 77-22; exaltation ; 
2-21 units. Found C, 79-86; H. 7-95; QtHooO, requires C, 79-68; H, 
7-88 per cent. Active hydrogen (Zer.): 2-04 H. Light absorption : (Fig. 

3, curve I) inflections at 215 mu, E* about 750: 230 mu 

about 615. 

.Partially poisoned catalyst. A supported catalyst of 5 per cent 
palladium over barium sulphate (6 g., prepared according to Organic 
Syntheses”) suspended in purified alcohol (30 ml.) was treated with 
quinoline sulphur poison” (0-6 ml.). After being stirred for { hour, 
the catalyst was collected on a filter, washed with a little alcohol and 
dried in vacuo. 

3:7-Dimethyl-9-phenylnona-2:4:7-trien'l :6-diol (XXIII). 3:7-Di- 
methyl-9-phenylnona-2 : 7-dien-4-yn-l : 6-diol (9 g.) was dissolved in 
methyl alcohol (90 ml.) to which the partially poisoned catalyst (I g.) was 
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added. Hydrogenation was carried out under approximately atmospheric 
pressure. However, after the hydrogenation had proceeded slowly for 
about 4 hours, the rate of absorption of hydrogen became very slow. 
Fresh additions of cataU'st were made and the hydrogenation stopped 
when 0.99 mol. proportion of hydrogen was absorbed. Total amount of 
catalyst used was 2-3 g. The catalyst was removed from the solution and 
the solvent distilled off in nitrogen, the final trace of volatile matter being 
removedatSO' to 90X./0-05inm. He pressure. Yield: 9-0 g. of brownish' 
liquid. Found: C. 80-75; H, 8-84; requires C, 79-02; H, 8-58 

per cent It had the following characteristics: ny*'^- 1-5673, df'^- 
1-039. Molecular refraction : found : 81-15, calculated for CitHsiOLFs : 
78-75: exaltation 1, 2-40 units. Active hydrogen (Zer.) : found 0-63 per 
cent, C1JH22O2 requires 0-78 per cent, for 2H. With chloroformic 
solution of antimony trichloride it gave an instantaneous blue coloration 
changina rapidlv through Holet to red. Light absorption : (Fig. 3, curve 
H) Maxima 215'mu, E\ 357. 282 mu, E\ 197. 

^'•■l-Dimethyh9'phenylnom-l'A'.l-trien-\ :6-dioI monoacetate (XXIV). 
The diol obtained above (6-5 g.) was dissolved in a mixture of benzene 
(40 ml.) and dry pyridine (40 ml.). The solution was cooled in a solid 
carbon dioxide-acetone bath, and freshly distilled acetyl chloride (2-3 g.) 
was added drop by drop with stirring in nitrogen. After the completion 
of the addition, the cooling bath was removed and the whole was stirred 
at room temperature for J hour, then refluxed for 1 hour. The mixture 
was then cooled to below 0°C., decomposed with water and extracted 
with benzene. Removal of solvent gave the crude monoacetate as a 
brownish viscous liquid. Yield: 7-4 g. Light absorption: (Fia. 4, 
curveI)Maxima215 mu EJ?g«°‘-367;240murE'i?i'«='‘ 316; 28^, 

232. 


Purification of the monoacetate. The crude acetate (6-6 g.) was extracted 
repeatedly with hot petroleum (lOO'C.), the residue insoluble in petro- 
leum being a dark browish gummy solid, probably a polymerised product. 
The petroleum extract was evaporated to remove the solvent and a liaht 
golden yellow liquid* was obtained. Found: C. 75-06; H, 7-63; 
QsHojOa requires C, 75-97; H,’8-05 per cent. Refractive index: 
1-557. Active hydrogen (Zer.) : 1-1 H. 


3 ; l-Dimethyl~9-phenylnorta-l : 4 ; 6 : Z-tetrane-\-ol acetate (XXV) 

The dehydration was carried out according to Isler et al* The mono 
acetate obtained from above (4-2 g.), a-tocopherol (40 mg.), were dissolved 
m fight petroleum (80» to 100”C.. 70 ml.). Iodine (40 mg ) in fight iSf 
leum (10 ml.) was added and the whole was refluxed for 1 hour 
TiTtf’ '^'^shed with solution of sodium thiosulnhS 

3 8^ of solvent gave a dark brown oil S 

3 8 g. With antimony tnchlonde in chloroform . 1 

which changed rapidlv throuah violS to rS 

ID M.xir2?5 S^ 

Lira ' .340: 282 mn. ^35, 240m.u, 

hydrogen: 0-36 H. 245. Active 
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3 ; l-Dimelhyl-9-phenyhiona-l : 4 : 6 ; %-tetraeiie-\-ol (XIIl). The acetate 
(0'5 g.) was dissolved in absolute alcohol (3 ml.), to which, with stirring 
and cooling, was added alcoholic potassium hydroxide (3 ml. of N) in 
an atmosphere of nitrogen. After standing overnight, the solution was 
diluted with water (50 ml.) and extracted with ether. The ethereal extract 
was washed and dried, and the solvent removed. A brownish viscous oil 
was obtained, weighing 0-35 g. With antimony trichloride in chloroform ; 
An instantaneous blue coloration which changed rapidly through violet 
to red. Light absorption; Fig. 4, curve III) Maxima 215 mg, 

446; 240 mg, E 350; 282 mg, E‘^^«“‘-307; 329 mg 254. 

The authors are indebted to Dr. K. H. Coward and Messrs. Glaxo 
Laboratories Ltd. for carrying out individual biological tests. C. C. Shen 
thanks the Directors of Messrs. May and Baker Ltd. for their generous 
financial support which enabled him to be engaged in the present work. 
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A.BSTRACTS OF PAPERS PUBLISHED IN 
OTHER JOURNALS 

CHEMISTRY 

analytical 

Bmdnl and PjTibenramine Hydrochlorides, Wentificahjjn and Differen- 
tiation ol T. J. Haley. (/. Amer. phann. Ass., Sci. Ed., 1948, 37, iy4.j 
The reactions of 12 precipitants and 16 colorimetric reagents wi ^"^12- 
hydrochloride (diphenhydramine hydrochloride) and with pyribenzamme 
bydrochloride (tripelennamine hydrochloride) are descnbed. On } c or 
platinicacid, 5 per cent., could be used by precipitation for identigfication and 
differentiation beUveen these two. Benadrj'l gives a granular orange preci- 
pitate of leaf-like crystals in crosses with some cigar-shaped crystals. 
benzamine gives a granular orange precipitate of ropttes and sheaves M 
fiat plates on dry’ing. The colour reactions are distinctive; with concentrated 
sulphuric acid, benadryl gives an orange colour and pyribenzamine a greenish 
yellow colour; complete destruction of the organic compounds by the strong 
acid results in a dark brown to black solution unsuitable for qualitative 
analysis. With potassium dichromate and concentrated sulphuric acid, bena- 
dryl forms a y'ellow solution and pyribenzamine a brown solution. Resor- 
cinol and concentrated sulphuric acid gives an orange and then reddish 
orange colour with benadryl, which becomes wine-coloured when diluted 
with water; the same reagent gives a y'ellowish green and then deep green 
colour with pyribenzamine which becomes olive-green on dilution with 
water. Furfurol 1 per cent, overlay sulphuric acid gives an orange-brown 
colour changing to yellow-green on shaking with benadryl, and a black 
colour which does not alter on shaking with pyribenzamine. Mandelin’s 
reagent gives a red colour with oily red globules with benadryl, and a choco- 
late-brown colour with pyribenzamine; Marquis' reagent, yields a colour 
change with benadryl from canary-yellow to reddish-orange to chocolate- 
brown, and from red to deep reddish-brown with pyribenzamine; Mecke’s 
reagent, gives a canary-yellow then reddish-yellow colour with benadryl, 
and a nut-brown colour with pyribenzamine; and Frbhde’s reagent gives a 
canari'-yeliow colour followed by orange and then red with benadryl, but 
with pyribenzamine rields a pale pink followed by a deep rust colour. 

L. H. p. 

Progesterone, Photometric Determination of. E. Diding. (Sveitsk. 
Farm. Tidskr., 1949, S3, 269.) The method is based on the formation of a 
red dinitrophenylhydrazone. soluble in chloroform. The colour is stable 
for at least 24 hours. Details are as follows ; 5 ml. of an alcoholic solution, 
containing 0-25 to 1-25 mg. of progesterone is treated with 3-0 ml. of a 
freshly-prepared 0-25 per cent solution of 2-4-dinitrophenylhydrazine in 
2M hydrochloric acid. The mixture, in a covered beaker, is heated on the 
water-bath for 15 minutes, then treated with 10 ml. of 2M hvdrochloric 
acid, and heated for a further 30 minutes to remove the alcohol The 
prwipitate is transferred to a sintered glass filter, washed with hvdm 
chloric acid, and then with water. After dwine in ? 

hydrazone is dissolved m chloroform to lOo" ml and tbp'pvf f- * 

mined at 440 m,«. For soluUons Tn oU 5 ^5 of f 

in 10 ml. of hoMinc „d cMmcM „l,h d’quantilij. o“5‘”l.“ofSclS 
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(90 per cent.). The alcoholic extracts are washed with 20 ml. of hexane, which 
IS then washed with 2 quantities, each of 5 ml., of alcohol. The alcoholic 
so utions are filtered and evaporated to dryness, and the residue is dis- 
solved m alcohol and treated as before. q f 


BIOCHEMISTRY 
GENERAL BIOCHEMISTRY 

nor-AdreBaline in Adrenal Medulla, Evidence for Occurrence 
M. Goldenberg, M. Faber, E. J. Alston and E. C. Chargaft. 
(Science, 1949, 109, 534.) By paper chromatography using phenol saturated 
with water as eluent in an atmosphere of hydrogen chloride it has been found 
that samples of U.S.P. Reference Standard Epinephrine contained 12 to 
per cent, of nor-adrenaline and that one sample contained as much as 36 p£. 
cent. The adrenaline fractions from three chromaffin tissue tumours wer 
found to contain 50 to 90 per cent of nor-adrenaline. It is pointed out tiiai 
adrenaline and «or-adrenaline differ significantly in their pharmacological 
actions both as regards effect on cardiac output and on carbohydrate meta- 
bolism. If it is assumed that natural adrenaline as secreted by the adrenal glapd 
maintains a constant content of /lor-adrenaline, present concepts of adrenal 
secretion remain valid. If, however, under varying physiological conditions 
the nor-adrenaline content of the secreted natural adrenaline varies then it is 
considered that current views of the physiology of the adrenal medulla m^ 
have to be modified. Under pathological conditions such as in pheoch;,;- 
macytoma, hremodyamic effects and the influence on carbohydrate meta- 
bolism are profoundly altered by the high content of nor-adrenaline in the 
secreted medullary hormone. The biological assay of tumour extracts is 
discussed. F. H. 

BIOCHEMICAL ANALYSIS 


Barbiturates in Tissue; Determination by Ultraviolet Absorption 
Spectrophotometry. G. V. R. Born. (Biochem. J., 1949, 44, 501.) 
A procedure based on ultraviolet spectrophotometry is described for the quan- 
titative determination of very small amounts of barbiturates in tissues and 
blood. The tissue is homogenised and proteins precipitated by ethyl alcohol. 
The barbiturate in the acidified protein-free filtrate is extracted with ether 
and passed into alkali. To two samples of this alkaline solution are added 
phosphate or borate solutions which bring the pH to different known values. 
The extinctions at 23 mii of the resulting solutions are measured and from 
these the concentration of barbiturate in the tissue can be determined by 
calculation. Complete elimination of contaminants is not attemped. The^ 
difficulty due to the simultaneous extraction of barbiturate and impurities 
absorbing in the same region of the ultraviolet is overcome by the use of 
differential spectrophotometry, depending on extinetion-pH relationships. 
The procedure is rapid, accurate and sensitive, permitting the extinction of 
concentrations of barbiturates as low as 1 to 2 pg./ml. in pure solution. 

s. L. w. 


Nicotinamide in Biological Materials, Fluorimetric Estimation of. D. K. 
C h a u d h u r i and E. K o d i c e k. (Biochem. J.. 1 949, 44, 343.) The 
material under examination (5g.} is cut finely, ground with sand and 
0-lN hydrochloric acid (I to 2 ml.), transferred Mih 40 ml. of “ 

100-mI. beaker on a boiling water-bath and heated for 30 minutes. After 
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soling, hydrochloric acid is added to pH 2, the mixture is centrifuged, the 
esidue washed with 10 mi. of O-iN hydrochloric acid and again centrifhg^. 
rhe combined hquids are adjusted to a known volume (usually 40 ml.) with 
hydrochloric acid, 6 ml. of a freshly prepared 25 per cent. soluUon 
'■'t'metaphosphoric acid is added and the liquid centrifuged after standing 
fo 5 to 10 minutes. The clear solution is adjusted to pH 9-4 to 9-6, heated 
on a boiling n-ater-bath for 30 minutes, cooled, adjusted to pH 7-2 and made 
up to 50 ml.; after filtration (Whatman No. 5) it is then treated with 
^.'-anogen bromide solution. Three determinations are made— a blank, the 
■Iriiknown filtrate (containing 5 to 25 ug. of nicotinamide), and the unknown 
to which is added an internal standard (25 pg. nicotinamide). After mixmg, 
the three solutions are heated in a water-bath for 4 minutes at 56° to 
SS^C., cooled and made up to 15 ml. with water. 5N sodium hydroxide 
l8 ml.) is added, the volume made up to 30 ml. with water and the 
fluorescence read after 45 minutes at room temperature in the dark. Details 
' the calculation and of the reproducibility of the results are given; the 
method estimates the total nicotinamide content, including the free and 
bound forms. Specific and reproducible results were obtained for biological 
materials and for cereals, and the results agreed well with the reported 
icro-bioiogical values. Practically all the vitamin in rat organs and muscles 
seemed to be present in the form of the amide, bound or free. In bran, 
no nicotinamide was detected before or after digestion. The breakdown 
'srodua of the “ precursor ” of nicotinic acid present in bran appeared to 
b“ the free acid and not the amide. Yeast and wheat germ contained about 
ij per cent, of the vitamin present in the amide form, bound or free. 

R. E. s. 

CHEMOTHERAPY 

Analgesic Compounds, Potential, Preparation of J D. J. Brow' n, A. H. 
v' o o k and I. M. H e i I b r o n. (/. c/iem. Soc., 1949, Supp. 1, S.106, S 111 
and S 1 13.) In a search for more potent analgesics than amidone analogues 
have been prepared and examined. Attempts to introduce thiazolyl groups 
into I-diethyIamin0'3-phenylpentan-4-one were unsuccessful. 4-MethyI-2- 
v3'-diethylamino-T-phenylpropyl) thiazole and related componds were pre- 
pared from the corresponding v-dialkylamino-a-phenylthiobutyramide but it 
was not found possible to introduce ester or ketone groupings on the tert- 
carboa atom. 5-Carbethoxy-4-methyl-2-(3'-diethylamino-r-phenylpropyl) 
thjazole and 4-methyl-2-(4''diethylamino-2'-acen'l-2'-phenylbutyl)thjazole, 
obtained as viscous oils, were without significant analgesic action, introduc- 
tion of basic groups into 4-phenyl- and 4-methyl-2-tt-carbethoxybenzj'l thiazole 
failed to yield analgesic properties. Direct carbethoxylation or propionylation 
of 2-benzyltbiophen foUosved by introduction of a basic side chain yielded 
products having analgesic properties. Thus 2-(3'-diethylammo-r-carbethoxy- 
TphenylpropyDthiophen had an activity approximately one-third that of 
pethidine while 2-(3 ■morpholino-T-carbethoxy-L-phenylpropyl)thiophen ap- 
peared to be four times as effective as pethidine. Other 


com- 


pounds prepared, such as 2-phenyl-2-diethyiaminoethyl cyclohexanone were 

F.H. 

pharmacognosy 

and Oak Barks, Distinction between the 
Thr' r. .4 ■ Gha teller. {Ann. phann. franc., 194S 6 507.1 

ow ers of these three barks can be distinguished not only by the 
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presence or absence of stone cells but by the characters of the crystals in the 
sheaths surrounding the fibres. Oak bark, has prismatic crystals with numer- 
ous truncations with poorly defined edges, so that the crystals appear 
rounded. They are elongated with the long axis at right angles to the fibres. 
Monoclinic crystals (rhombs) very rare. Cascara sagrada: crystals generally 
square and smaller than those of oak bark. Truncations rare, or if present, 
sharply defined so that the crystals are more regular in shape than those' 
of oak bark. Monoclinic crystals frequent and mostly square. Frangula 
bark: crystal forms intermediate betwen those of the other two powders. 
If the. crystals in oak bark are slowly dissolved in hydrochloric acid, a 
detached lignified envelope can be seen within the pecto-cellulose compart- 
ment of the crystal sheath; this detached envelope cannot be seen in the 
other two barks when treated in like manner. j. w. r 


PHARMACOLOGY AND THERAPEUTICS 

Antabuse and Alcohol, Effect of on Respiration and Circulation. E. 
Asmussen, J. Hald, E. Jacobsen and G. Jorgenson. (Acta 
Pharmacol. Toxicol., 1948, 4, 297.) Alcohol does not produce circulatory 
or respiratory symptoms in normal human beings in a dose equivalent to 
20 g. of absolute alcohol but when experimental subjects were treated with 
antabuse 12 hours before the intake of alcohol there was a marked increase 
in ventilation, a decrease in alveolar carbon dioxide, an increased pulse rate. 
and a slight increase in cardiac output and oxygen consumption. Antabuse- 
prepared individuals under the influence of alcohol must form a substance 
that directly or indirectly increases the irritability of the respiratory centre, 
and the feeling of dyspnoea is due not to a bronchoconstriction but to this 
increased irritability. The comparatively slight increase in cardiac output 
shows that there is no serious risk of too heavy a load on the heart after 
clinical application of antabuse, even though patients complain of serious 
palpitation and subjective dyspnoea. s. l. w 

Antabuse and Alcohol, Formation of Acetaldehyde after Ingestion of. 
J. Hald and E. Jacobsen. (Acta Pharmacol. Toxicol., 1948, 4, 305.) 
After intake of alcohol, human subjects treated with antabuse show a much 
higher concentration of acetaldehyde in blood than do untreated individuals. 
The authors discuss the possibility that the symptoms observed after anta- 
buse treatment may be explained as the result of this increased formation 
of acetaldehyde. s. l. w. 

lodophthalein, Excretion from the Human Organism. H. O. Bang and 
J. G e o r g. (Acta Pharmacol. Toxicol.. 1948, 4, 87.) A quantitative method 
for the determination of amounts as small as 1 pg. of iodophthalein in frcces 
and organic fluids . is described. Injections of iodophthalein, 500 mg 
intravenously, were given to normal persons, and the concentrations in plasma 
and urine determined. After the injection a concentration of 10 to 20 mg. 
per cent, is obtained. This concentration falls steadily, reaching 2 or 3 mg. 
per cent. 24 hours after the injection. During the next few days iodophtha- 
lein is still demonstrable in the plasma and the conccntraticn reaches zero 
by about the fifth day. Only small amounts of the substance are excreted in 
the urine. The great bulk of the substance is excreted in the faces, the 
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G. A. H. BcnTLE, 
Eleonore j. Zaiv 

Department of Pharmacology, School of Pharmacy, 

17, Bloomsbury Square, London, W.C.l. 

November 1, 1949. 
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A co'mparison of the effects of an intravenous injection of decamethonium 
iodide (right) and <f-tubocurarine chloride (left) 
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excretion usually continuing for S to 10 days after the injection. A quanti- 
tative balance test was made on two persons and in both about 75 per cent, 
of the amount injected was recovered. The authors suggest that the balance 
is excreted in very small amounts (less than 1 mg. daily) over a period of 
several months after the mjection. s. l. w. 

Methyl Alcohol and Formic Acid Excretion in Man. A. Lund. (Ac/a 
Pharmacol Toxicol, 1948, 4, 205.) After intake of small quantities of 
methyl alcohol (10 to 20 ml) by human sub;ects no methyl alcohol was 
found in the blood in the course of 48 hours, and the concentration of 
formic acid in the urine was normal (6-5 to 12-8 mg. within 24 hours). 
Following intake of large amounts of methyl alcohol (50 ml.) this substance 
could be demonstrated m the blood (25 to 120 mg. per cent.) after 48 hours: 
formic acid could also be demonstrated in the blood (2'6 to 7-6 mg. per cent.) 
and in increased amounts in the urine (up to 2050 mg. per cent, within 24 
hours). This increased excretion of formic acid after large methyl alcohol 
intake reaches its maximum in from 1 to 3 days and is characteristic of 
methyl alcohol poisoning: cases of poisoning with methyl chloride do not 
show this increase. The author describes 5 fatal cases of methyl alcohol 
poisoning and gives figures of methyl alcohol and formic acid concentra- 
tions in blood and urine, s. l,w. 
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